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ABSTRACT 

Brachyuran decapod crustaceans are characterized by a reduced abdomen, 
folded beneath the cephalothorax, and inserted between the pereiopods or in 
a special cavity, which prevents it from impeding movements. The acquisition 
of a retaining/locking mechanism may be regarded as a synapomorphy for the 
Brachyura. In primitive podotrcmatous forms (Dromiidae, Homolidae), the 
structures involve the coxae of thoracopods. In higher Brachyura, the struc¬ 
tures located on limbs have moved onto the sternal plate. The most common 
holding system is the press-button, consisting of a prominence always on the 
Fifth sternite and a socket always positioned on the sixth abdominal segment. 
I'he innovation with a sternal differentiation appears to have occurred inde¬ 
pendently several times: on sternite 4 (Homoloidea: homolid press-button), 
on sternite 5 (Dynomenidae, Lyreidinae), on sternite 6 (Phyllotymolinidae, 
Cyclodorippidae), and on sternite 5 (Eubrachyura: typical press-button). In 
the Heterotremata, only the Leucosiidae display a retaining system that dif¬ 
fers from the typical press-button. A true socket evolved within the 
Podotremata (Homoloidea, Lyreidinae), and in almost all Eubrachyura. The 
abdominal socket is hypothesized to be homologous with the uropod. The 
absence of any locking structures in the most highly carcinized thoracotre- 
matous crabs (for instance Ocypodinae pro parte) is considered to be the 
result of a secondary loss, occurring at about the time when terrestrial habi¬ 
tats replace the exclusively marine life. The microstructures, discovered on 
both homolid and typical press-buttons, might be regarded as an indicator of 
sex, puberty moult and age of individuals, and are probably reliable indica¬ 
tors of phylogenetic affinities at different levels. 
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RESUME 

Evolution des systemes de maintien de labdomen chez les Brachyoures (Crustacea , 
Decapoda, Brachyura). Les Crustaces Decapodes Brachyoures sonr caracterises 
par un abdomen reduit, replie sous le cephalothorax et insere entre les pereio- 
podes ou dans une cavite particuliere, ce qui empeche toute gene lors des 
deplacements. L’acquisition d un systeme de maintien ou de fermeture de 
l abdomen est considerec ici comme une synapomorphie des Brachyoures. 
Chez les formes primitives de Podotremata (Dromiidae, Homolidae) les 
structures font intervenir la coxa des thoracopodes. Chez les Brachyoures plus 
avances les structures se trouvent deplacees sur le sternum thoracique. Le sys¬ 
teme le plus repandu est le bouton-pression, a savoir une proeminence appar- 
tenant toujours au sternite thoracique 5, et une fossette toujours situee sur le 
segment abdominal 6. La novation que constitue la diffcrcnciation sternale 
serait apparue independamment plusieurs fois : sur le sternite 4 
(Homoloidea : bouton-pression homolien), sur le sternite 5 (Dynomenidae, 
Lyreidinae), sur le sternite 6 (Phyllotymolinidae, Cyclodorippidae), et sur le 
sternite 5 (Eubrachyura : bouton-pression rypique). Chez les Heterotremata, 
seuls les Leucosiidae offrent un systeme de maintien different du bouton- 
pression typique. Une vraie fossette est apparue au sein des Podotremata chez 
les Homoloidea et les Lyreidinae, ainsi que pour l’ensemble des Eubrachyura. 
La fossette abdominale est ici homologuee a I’uropode. L’absence de struc¬ 
tures chez les Thoracotremata les plus evolues (Ocypodinae pro parte par 
exemple) est considcree comme le resultat d’une perte, lors du passage d’un 
habitat exclusivement marin a un mode de vie amphibie. Les microstructures 
decouvertes sur le bouton homolien et sur le bouton-pression typique rep re- 
sentent des indicateurs du sexe, de la mue de puberte et de Page des indivi- 
dus ; de plus, dies sont susccptibles de rcflctcr les affinites phylogenetiques a 
divers niveaux. 


INTRODUCTION 

The term coaptation (from the Latin cum, with; 
aptare, fit), that for a long time referred to medical 
language for the setting of a fracture or luxation, 
was revived by the French biologist L. Cuenot 
(1921; 1925) to name, in arthropods and more 
especially in insects, the fitting between two diffe¬ 
rent and originally independent parts of the body, 
with a more or less pronounced engagement. 
Many types of coaptation are developed in almost 
all brachyuran crabs to retain their abdomen ben¬ 
eath the cephalothorax. The most well-known is 
the bouton-pression or press-button (Cuenot 1941). 
In the following scheme used in insects (Corset 
1931), three main patterns, with several degrees of 
differentiation, may be recognized in the 
Brachyura, at the binocular level (Table 1, p. 634): 


1. Coaptation by juxtaposition. There is a relative 
independence of both parts, a simple modality of 
union, or a simple joining: the two parts are only 
coupled. In the case when a spine or a projection 
simply overhangs or overlaps the other part, 
without inducing marked modifications, it may 
be considered the first state of a coaptation. 

2. Coaptation by engagement (in French engre- 
nage). Considered a more advanced degree: both 
corresponding parts are more differentiated but 
can be easily separated. A variety of configura¬ 
tions, from simple to more complex, exists. 

3. Coaptation by assemblage (in French assem¬ 
blage). One of the two parts, which were origi¬ 
nally completely independent, is firmly engaged 
in a socket or a hollow, within which it is held 


614 


ZOOSYSTEMA • 1998 - 20(4) 




Abdominal holding systems (Brachyura) 


fast most of the time. The two parts can only be 
separated with difficulty and displaced in a given 
direction, often with a clicking sound. This is the 
case of the typical bouton-pression and homolid 
press-button. 

In Brachyura the reduction-folding of the abdo¬ 
men is probably the principal event in the process 
of carcinization, i.e. the adoption of a crab-like 
habitus. In contrast to long-bodied forms of 
decapods in which the developed and extended 
abdomen, with movable somites and large bira- 
mous pleopods, is used for locomotion, brachyu- 
ran crabs are characterized by a short abdomen 
that is basically formed by six segments plus the 
telson and lies in a flexed position. Brachyura 
lack locomotory appendages and tail fan, as they 
exist in “macruran” decapods for example: the 
locomotory function of the abdomen has been 
lost. Either the brachyuran abdomen is simply 
folded forward between the pereiopods, or it may 
be accommodated by a thoracic depression, the 
sterno-abdominal cavity, which is more or less 
hollowed and defined. Besides that, the pleon is 
secured in a flexed position and sometimes tight¬ 
ly held in place against the ventral surface by a 
special system. 

In most primitive crabs the abdomen is simply 
held by the bases of various thoracopods (Mxp2, 
Mxp3, PI through P3), and coaptations by jux¬ 
taposition and engagement are developed. But, in 
most crabs, the most common means consists of 
a “true” locking mechanism, the press-button. 
The press-button system is a coaptation by 
assemblage between structures that belong to two 
clearly defined somites of two different parts of 
the body: the fifth somite on the thoracic ster¬ 
num and the sixth segment on the abdomen (or 
pleomere 6). It consists of a pair of salient struc¬ 
tures on the sternal plate that fits into a pair of 
sockets on abdominal segment 6. 

It is beyond the scope of this paper to reconstruct 
phylogenetic relationships within the Brachyura 
based on the abdominal holding apparatus. 
However, analysis of the different devices or stra¬ 
tegies utilized by brachyuran crabs to retain or 
lock their abdomen sheds new light on the evo¬ 
lution of the group. In turn, using this criterion 
at different taxonomic levels might perhaps open 
a way for the reappraisal of the Brachyura. 


MATERIALS AND METHODS 

Our study is based on the large research collec¬ 
tions of the Museum national d’Histoire naturelle, 
which are essential for a sound, pragmatic basis 
for comprehensive analysis. The observations 
always involved dead specimens (alcohol preser¬ 
ved), that were often manipulated. That is why 
all our suggestions on the functioning must be re¬ 
considered with fresh specimens and living ani¬ 
mals. In the course of this work, thousands of 
specimens were investigated, but it is clear that 
our conclusions need to be completed and hypo¬ 
theses are presented to serve as a basis for further 
investigations and discussion. 

Representatives of several genera, belonging to 
fifty-seven families available to us, have been stu¬ 
died and illustrated. Some results are taken from 
the work in progress by one of us (J.-M. B.) on 
microstructures of the locking system with the 
scanning electron microscope. 

We follow the classification of Guinot (1977, 
1978a, cf. also Guinot & Richer de Forges 1997). 
The families, listed here in a certain order, do not 
represent a classification, even if a phylogenetic 
background is present. The list presented here is 
not exhaustive. Regarding the components of 
some families, the traditional arrangement was 
sometimes conveniently preferred; the family 
level was often preferred, because monophyly is 
better supported (but not in Varuninae for 
example). In any case we examined at least the 
type genus, and we attempted to extend our 
observations to all principal component genera. 
Our description essentially concerns the males 
since, generally, structures are lost in females after 
the puberty moult. 

Carapace dimensions are given as carapace length 
followed by carapace width, the measures inclu¬ 
ding any antero-lateral teeth at the widest point, 
cw, carapace width; cl, carapace length. Appen¬ 
dages and segments frequently referred to in des¬ 
criptive accounts and figures are usually abbrevia¬ 
ted as follows: P1-P5, pereiopods (PI, chelipeds, 
P2-P5, walking legs); Mxpl-Mxp3, maxillipeds; 
Gl, first male pleopod; G2, second male pleo- 
pod. The term thoracopod is used for the appen¬ 
dages Mxpl-Mxp3 and P1-P5. We preferred 
the terminology somite 4 to fourth somite or 
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abdominal segment 4 to fourth abdominal seg¬ 
ment, for example. 

Abbreviations for the institutions are as follows: 
BMNH The Natural History Museum, London; 
MNHN Museum national d’Histoire naturelle, Paris 
(MNHN-B used for catalogue number; B 
means Brachyura); 

SAM South African Museum, Cape Town; 
USNM National Museum of Natural History, 
Smithsonian Institution, Washington. 


HISTORIC 

The abdominal retaining apparatus, that is, a pair 
of sternal prominences and a pair of sockets on 
the penultimate segment of abdomen, was first 
reported and described by Duvernoy (1850) in a 
chapter on the external reproductive organs in 
the Decapoda. The first illustration was given in 
a second paper on the same subject by Duvernoy 
(1853), who wondered that such a “simple 
mechanism" (p. 141) was not previously obser¬ 
ved. This author noticed its particular configura¬ 
tion in leucosiids and the loss of morphological 
structures in Uca Leach, 1814 ( Gelasimus 
Latreille, 1817). 

It took nearly 80 years to again hear about the 
abdominal retaining apparatus. Perez (1928a, 
1928b, 1929), another French scientist, created 
the term bouton-pression (an allusion to its func¬ 
tion as a press-stud or a dome fastener) and revie¬ 
wed the retaining structures in diverse Brachyura. 
He had a clear understanding about evolution of 
the system, regarding the dromiid disposition as 
basal, the system in Homola Leach, 1815 as inter¬ 
mediary (but not derived from Dromia Weber, 
1795), the typical press-button present in the 
majority of crabs but finally lost in Uca , and the 
unusual arrangement in leucosiid forms. From 
this evolutionary scheme (1928b: 649) Perez 
hypothesized that the border of the socket on 
pleomere 6 was perhaps the last vestige of the 
ancient uropod. Perez (1933a, 1933b) examined 
the functional patterns with regard to sex, molt, 
and mating, and discussed the peculiar case of the 
feminization of the male abdomen in sacculinized 
Pachygrapsus marmoratus (Fabricius, 1787). 
Dealing with the coaptations in Crustacea, 


Macquart (1936) briefly mentioned the locking 
mechanism in the Brachyura, suggesting that it 
may be replaced by another physiological system 
in advanced taxa such as Uca. Kollmann (1937) 
studied, with more detail, the coaptations bet¬ 
ween the abdomen and cephalothorax and the 
morphological parts involved in the retaining sys¬ 
tems, following the configuration in primitive 
crabs such as Dromia and Homola, then in dorip- 
pids, in more advanced forms such as Carcinus 
Leach, 1814, Maja Lamarck, 1801, and in leuco¬ 
siids. Cuenot (1935; 1941: 209-215, figs 43, 44) 
was interested by the problematics of coaptated 
organs and their finality: the brachyuran press- 
button was compared to systems found in the 
Cephalopoda and in hemipterid insects (Poisson 
1922). But the typical locking mechanism device 
of brachyuran crabs was only noticed occasional¬ 
ly (Bliss 1982). 

Despite the fact that the diversity of holding sys¬ 
tems was demonstrated by Perez as possibly 
reflecting phylogenetic relationships, only a few 
taxonomists have paid attention to this character 
in brachyuran crabs. Pearson (1908: 15, 19, 
fig. 3) briefly mentioned and figured the locking 
arrangement in Cancerpagurus Linne, 1758, with 
two small “tubercles” or “papilla” on the fifth tho¬ 
racic somite. Hoestlandt (1940; 1948) studied 
the apparatus in Eriocheir sinensis H. Milne 
Fldwards, 1854, and showed that its functionality 
is lost beyond a certain size of male individuals. 
Stauber (1945) analysed its condition in different 
stages of pinnotherids. Hartnoll (1965) collected 
information on grapsid crabs from Jamaica and 
described those species in which morphological 
structures tend to be reduced or lost. Guinot 
(1976: 47, 52) called attention to the press-but¬ 
ton in the family Belliidae: in Bellia picta 
H. Milne Edwards, 1848, males are equipped 
with a nonfunctional apparatus. 

For Hartnoll (1975), who elegantly compared the 
copulatory structure and function in primitive 
Brachyura, three different patterns of retaining 
systems may be recognized, exemplified by 
Dromia , Homola and Lyreidus. Bourne (1922: 69, 
pi. 4, fig. 4) was the first author to point out the 
system found in Lyreidus de Haan, 1841, that is, 
two “small aliform processes" on abdominal seg¬ 
ment 6 and two small knobs on “pterygoid pro- 
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cesses” of stcrnite 5. The same feature was remar¬ 
ked in the genus Lysirude Goeke, 1986 by 
Feldmann & Wilson (1988: 478). The subfamily 
Lyreidinae was established (Guinot 1993b) by 
taking into account the presence of their locking 
mechanism, that is unique in the family 
Raninidae. In the Podotremata, abdominal reten¬ 
tion by pereiopods in the dynomenid 
Paradynomene tuberculata Sakai, 1963 and the 
disposition in the fossil podotrematous family 
Dakoticancridae Rathbun, 1917 were examined 
(Guinot 1993a). McLay (1991; 1993) used the 
size and shape of uropods, and their role in the 
abdominal locking mechanism in dromioid 
crabs. Tavares (1994, 1996, 1998) was the first 
author to use the locking mechanism as a crite¬ 
rion in a cladistic analysis and described two spe¬ 
cial systems: a “sliding system” in the family 
Cyclodorippidae and a “stop system” in Phyllo- 
tymolinum Tavares, 1993, that allowed its erec¬ 
tion as type genus of a new family, Phyllotymo- 
linidae. Bellwood (1996: 173), who reported the 
presence of a press-button mechanism in the 
Calappidae and Hepatidae, and the absence of 
buttons in the Orithyiidae and Leucosiidae, also 
used her results in a cladistic analysis of these crabs. 
The present paper takes into account numerous 
data given by Guinot (1978a; 1979a, cf. table 5) 
who extensively investigated most of the 
Brachyura in respect of abdominal holding struc¬ 
tural patterns with an evolutionary insight, and 
preliminary results of a thesis on the same subject 
that was undertaken in the Laboratoire de 
Zoologie, Museum national d’Histoire naturelle 
(Bouchard 1996). 

MODALITIES OF ABDOMINAL RETAI¬ 
NING AND LOCKING SYSTEMS 

PODOTREMATA Guinot, 1977 

Guinot (1977, 1978a, 1979a, 1991; Guinot et al. 
1994; Guinot & Richer de Forges 1997) divided 
the Brachyura into three sections mainly on the 
basis of the location of the sexual orifices. The 
coxal positions of male and female gonopores, 
with external fertilization, were referred to as 
symplesiomorphies, which characterize the podo- 


treme crabs. The presence in podotreme females 
of two separate reproductive ducts, one for egg 
laying (genital pore on P3) and one for sperma- 
tophore laying (aperture of the spermatheca at 
the end of the sternal suture 7/8) contrasts with 
the single duct in heterotreme/thoracotreme 
female crabs in which the sternal vulvae are the 
sole orifices used for egg laying, for the intromis¬ 
sion of male pleopods (that allows internal ferti¬ 
lization) and for the storage of the spermatozoas. 
As a result of 18S rRNA analysis, Spears & Abele 
(1988: 2A) removed the Dromiidae from the 
Brachyura, arguing that the dromiids “branch 
very early, prior to the Anomura”. Concluding 
that “there is no molecular support [...] for the 
division Podotremata (sensu Guinot), which 
groups raninids and dromiids together on the 
basis of a similar gonopore location”, Spears, 
Abele & Kim (1992: 456) proposed abandoning 
the taxon Podotremata and placing the Raninidae 
at the lower limit of the Brachyura. This inter¬ 
pretation of the molecular data was based on the 
study of only four species of Podotremata, 
without considering any dynomenid, homolo- 
dromiid, homolid, latreilliid, cymonomid or 
cyclodorippid groups. But additional investiga¬ 
tions conducted by the same authors led to ano¬ 
ther major change by considering the Dromiacea 
as true brachyurans to become the sister group of 
the Homoloidea (Spears & Abele 1996: l4bis, 
and oral statement in 2nd European Crustacean 
Conference, Liege 1996). 

The question of whether the Podotremata is a 
monophyletic group remains topical. A parsimo¬ 
ny analysis using mainly spermatozoal ultrastruc¬ 
ture suggests that the Podotremata is a monophy¬ 
letic taxon (Jamieson 1994). Investigations in 
progress (Guinot & Tavares, in preparation) sup¬ 
port that on the one hand, Dromiacea and on the 
other hand, Homoloidea are basal podotremes; 
Raninoidea and Cyclodorippoidea sensu Tavares 
1994 are more advanced podotremes, some of 
their characters resembling apomorphies of the 
higher Brachyura. Monophyly versus paraphyly 
of the Podotremata and their possible placement 
as the sister group of the heterotreme-thoracotre- 
me assemblage remain open questions. 

An essential apomorphy of Brachyura is the loss 
of the tail fan, which is present in “Macrura” and 
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Anomura (Lithodidae and Lomoidea excepted). 
In the primitive crabs, i.e. the Podotremata, the 
uropods can remain as dorsal plates (Dynome- 
nidae and most Dromiidae) or as ventral lobes 
(Homolodromiidae and a few Dromiidae). Such 
platelike or lobelike vestiges are lost in all other 
families (Homolidae, Latreilliidae, Poupiniidae, 
Cymonomidae, Cyclodorippidae, Phyllotymoli- 
nidae, Raninidae; see Table 3, p. 683). Another 
robust apomorphy of the Brachyura is the abdo¬ 
men, which is reduced, inverted, and folded 
against the ventral surface, with subsequent eli¬ 
mination of its locomotory function. If in certain 
Podotremata the abdomen is still incompletely 
folded, in others the pleon acquires its flexed 
position against the thoracic sternum. It is thus 
not surprising to find that in Podotremata the 
abdomen is retained by various devices. 

Most Podotremata immobilize their abdomen by 
means of a tubercle, knob, elongate flange, serra¬ 
ted ridge, projection, or spine that arises from the 
thoracopod coxae (Mxp3 and/or pereiopods 
P1-P2 and even P3). These structures overhang 
the abdomen, or fit into complementary parts of 
the abdomen (coaptations by juxtaposition and 
by engagement), or act as a stop system. In all of 
these cases, the abdomen is prevented from slip¬ 
ping out. Additionally, in certain Podotremata 
there is a coaptation by assemblage, consisting of 
a fixation by abdominal sockets that fit over pro¬ 
jections issued from thoracic sternum (sternite 4 
for the homolid press-button and sternite 5 for 
the lyreidine projection). 

Various mechanisms can simultaneously be effec¬ 
tive in the same podotreme crab. A striking 
example is shown by homolids (Tables 1, 2): 
retention is undertaken by several structures that 
originate in the coxae of various appendages, pro¬ 
bably used together, and, in addition, by a very 
firm press-button. 

Superfamily Dromiacea de Haan, 1833 
On the basis of larval morphology, some workers 
had for a long time excluded the Dromiacea from 
the Brachyura, whereas Homoloidea and 
Rani noidea were retained in the Brachyura as early 
or pre-Brachyura (Williamson 1965, 1982; Rice 
1980, 1981a, b, 1983). The same authors attemp¬ 
ted to explain the dromiacean paradox (that is. 


anomuran features of the larvae and brachyuran 
features of the adults) by invoking horizontal gene 
transfer (Williamson 1988, 1992; Williamson & 
Rice 1996). While investigations on the copulato- 
ry structures and mating behaviour showed that 
the Dromiacea have evolved towards the brachyu¬ 
ran condition (Hartnoll 1975), the Dromiacea 
continued to be regarded as non-brachyuran on 
general morphological grounds by a few carcinolo- 
gists (de Saint Laurent 1979). The controversy was 
increased by the first, fragmentary molecular data 
(Spears et al. 1992; see above). Scholtz & Richter 
(1995: 321; 1996: 14) found evidence for the 
monophyly of the Brachyura, including the 
Dromiacea, from phylogenetic analysis. The first 
spermatological analyses indicated that, at that 
stage of our investigations, if there is a distinctive 
dromiacean groundplan which morphologically 
supports the group Dromiacea, sperm structure 
does not clearly distinguish the constituent fami¬ 
lies Homolodromiidae, Dromiidae and Dynome- 
nidae (Jamieson et al. 1995; Guinot et al. 1998). 
Consideration may have to be given to the fact 
that the majority of, if not all, the Dromiidae arc 
monophyletic together with the Dynomenidae 
and Homolodromiidae. These spermatological 
results, however, need to be regarded with pruden¬ 
ce, awaiting more extensive studies in additional 
taxa. 

Many characters are exclusively shared by 
Homolodromiidae, Dromiidae and Dynome¬ 
nidae, which endorse recognition of the mono¬ 
phyletic group Dromiacea. Dromiaceans are ple- 
siomorphic by the persistence of a pair of appen¬ 
dages on each abdominal segment (in males ves¬ 
tigial, or sometimes lost, pleopods on pleo- 
meres 3-5; in the two sexes, uropods on pleo- 
mere 6) in contrast to other podotremes {i.e. 
Homoloidea, Cyclodorippoidca, Raninoidca) in 
which pleopods and uropods in males have been 
lost on pleomeres 3-5 and on pleomere 6, respec¬ 
tively, as in the Heterotremata-1 horacotremata 
assemblage. It should be noted, however, that in 
the present paper we attempt to demonstrate the 
homology between the uropod and the abdomi¬ 
nal socket, which implies that the uropod is prac¬ 
tically never completely lost in brachyuran crabs 
(see Hypothesis about the homology uropod- 
socket. Table 3). 
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Family Homolodromiidae Alcock, 1900 
The family, reviewed and demonstrated as mono- 
phyletic by Guinot (1995), shows a great number 
of plesiomorphic characters, that support the 


contention that it contains the most primitive 
members of the Podotremata. 

Scholtz & Richter (1995: 322) supported the pri¬ 
mitive status of the Homolodromiidae but went 



Fig. 1. — Retaining apparatus in Homolodromiidae and in Hypoconcha Guerin-Meneville (Dromiidae); A, B. Dicranodromia lelderi 
Martin, 9 23 x 14 mm, in the vicinity of San Andres, “Oregon", stn 1908 (USNM): C. Hypoconcha californiensis Bouvier, 6 20.3 x 
19.4 mm, syntype, Gulf of California (MNHN-B 22066); D. Hypoconcha arcuata Stimpson. 6 12.3 x 9.3 mm. Sombrero (MNHN- 
B 22065). Abbreviations: a5. a6, abdominal segments 5. 6; b. bend at right angles of abdominal segment 5; c, carina; cxI, cx2, coxae 
of PI, P2; g, granules; t, telson; tu, tubercle; 4. sternite 4. 
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so far as to regard homolodromiids as the sister 
group of all other Brachyura; however they have 
since returned homolodromiids to the Dromia- 
cea (Scholtz & Richter, oral statement in the 2nd 
European Crustacean Conference, Liege 1996). 
We prefer not to separate the Homolodromiidae 
from the Dromiidae, even if the combination of 
their morphological characters is unique. The 
close relationship between homolodromiids, dro- 
miids and dynomenids is complemented by the 
sperm characters, which show a mixture of fea¬ 
tures of these three families (Guinot et al. 1998). 
The family Homolodromiidae consists of only 
two genera, Homolodromia A. Milne Edwards, 
1880 and Dicranodromia A. Milne Edwards, 
1880, with no more than twenty living species. 
But numerous homolodromiid ancestors consti¬ 
tute the closely related, exclusively fossil, family 
Prosopidae von Meyer, 1860, known from the 
Middle Jurassic or even earlier. 

Homolodromiids are characterized by small, 
exclusively ventral and lobiform uropods, vesti¬ 
gial pleopods often present on pleomeres 3-5 in 
males, abdominal pleura sometimes markedly 
extended, and by a very long telson. The abdo¬ 
men, which is inserted between the inclined walls 
formed by the coxae of the pereiopods, lies in a 
rather deep excavation between the coxae, and 
the pleomeres are somewhat shaped to the inter¬ 
nal surface of the corresponding coxae. Homolo¬ 
dromiids have sterno-coxal depressions at the 
level of P2 and P3 (Guinot 1995). 

In Homolodromia paradoxa A. Milne Edwards, 
1880 the coxae of Pi and P2 are smooth and the 
abdomen seems simply flexed between the per¬ 
eiopods. In most homolodromiids, however, 
there are a few granules on the coxa of PI and 
some more numerous and regularly arranged gra¬ 
nules on the coxa of P2: if they do not clearly 
overhang the telson, at least they perhaps restrict 
the sideways movements of the abdomen. In H. 
kai Guinot, 1993, Dicranodromia karubar 
Guinot, 1993 and D. nagaii Guinot, 1995, for 
example, the weakly granular coxae of Pi are 
clearly hollowed at their bases and the telson 
slides along beside them; on P2 some coxal sharp 
granules are located close to the abdominal mar¬ 
gin. In H. bouvieri Doflein, 1904 the granules on 
P2 arc particularly acute and come very close to 


the telson, being perhaps effective. In males, 
sometimes otherwise almost completely smooth, 
these granules occur only on Pi and P2 coxae. 
The granules are lost in mature females, in which 
the internal surfaces of the coxae become smooth 
and modified to receive the larger abdomen. 

In only one species, Dicranodromia felderi 
Martin, 1990, where carinate ridges project over 
the ventral margins of the first pereiopods 
(Martin 1990, figs lb, lc, 3A), a unique struc¬ 
ture has been discovered, which is similar in 
females and males (Guinot 1995: 250, fig. 32b) 
(Fig. 1A, B). The inferior part of the coxae of the 
chelipeds forms a distinct depression, which is 
surrounded by a thick, smooth, carinared and 
horseshoe-shaped prominence. This structure 
overhangs the extremity of the telson on both 
sides, preventing it from being lifted up, and the 
telson is retained by sliding through the depres¬ 
sion. A few granules are present on the Pi coxae; 
more numerous and regularly arranged granules 
are also present on the P2 coxae. 

Discussion 

The carinate structure of D. felderi appears to be 
similar to that in other Podotremata in having a 
coxal projection from different legs that ove¬ 
rhangs the abdomen. It is, however, developed on 
the whole coxa of Pi and it is smooth, not spi- 
nose. The PI coxal keel of D. felderi evokes the 
Pi and P2 coxal carinae of Hypoconcha califor- 
niensis Bouvier, 1898 (Fig. 1C) (see below), the 
role of which remains enigmatic. If in the 
Homolodromiidae the differentiation of D. felde¬ 
ri seems to be an effective retaining structure, the 
acute granules on the coxae of the two first pe¬ 
reiopods, specially on P2, could be also interpre¬ 
ted as structures involved in retaining the abdo¬ 
men (Bouchard 1996). 

It will be valuable to look at the numerous fossil 
prosopid forms to verify whether such structures 
are present. 

Family Dromiidae de Haan, 1833 
The extensive revision of the sponge crabs by 
McLay (1993) did not support their exclusion 
from the Brachyura and their association with the 
Anomura. Evoking the complex evolutionary 
relationships among more than hundred Atlantic, 
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Indian and Pacific species distributed in about 
thirty genera, McLay (1993) did not subscribe to 
the paraphyly of the family. Only the placement 
of the genus Hypoconcha Guerin-Meneville, 
1834, was considered doubtful. The question is 
to know if Hypoconcha is related or not to another 
dromiid, Conchoecetes Stimpson, 1858, which 
shares with the Hypoconcha species an unusual 
camouflage habit of carrying a bivalve shell. 
Analysis of the problem suggests that Hypconcha 
probably belongs in the Dromiidae (McLay 
1993: 229). 

We will follow here the new generic arrangement 
proposed by McLay (1993) where attention was 
paid to “the size and shape of uropods in relation 
to their role in the abdominal locking mecha¬ 
nism”. In dromiids the still articulated, some¬ 
times mobile, uropods are (more or less) functio¬ 
nal only when they consist of dorsal plates, which 
is the case in most genera/species. Very few dro¬ 
miid species are devoid of any apparent retaining 
structures. 

11 a true sterno-abdominal cavity is lacking in 
dromiids, the abdomen often settles itself by its 
posterior part in the deep depression formed by 
the inclined sides of the coxae of P1-P2. The uro¬ 
pods are markedly sexually dimorphic in shape 
and size. In males and in young females uropods 
are more or less laterally prominent and visible 
dorsally, whereas in mature females they usually 
seem transversally extended, intercalated between 
the segment 6 and the telson, and somewhat 
concealed in the general outline of the enlarged 
abdomen. The telson also is sexually dimorphic, 
being longer and narrower in adult males. 
Dromiids display several means of abdomen 
retention, that involve the differentiation of one 
or several parts of the pereiopods and abdomen. 
In addition to the variable structures projecting 
from the coxae of the two first pereiopods, the 
vestigial uropods may be involved. Ihe signifi¬ 
cant role of the uropods in dromiid males is cor¬ 
related with their sideways projection beyond the 
lateral margins of the abdomen. 

Some examples of the dromiid devices are here 
described. 

Structures on Pi only 

I he case of the abdomen being retained only by 


one pair of legs, in this case PI, is found in spe¬ 
cies of the shell-carrying genus Hypoconcha 
Guerin-Meneville, in which the broad and angu¬ 
lar abdomen has distinct pleura and where the 
uropods are reduced to two very minute plates 
intercalated ventrally, not visible dorsally. 

In H. californiensis (Fig. 1C) the coxa of Pi bears 
a group of spinous tubercles, the strongest of 
which overhangs the external border of the telson 
in its half posterior part and holds it. The role of 
the curious keels on the coxae of PI and P2 
found in H. californiensis is enigmatic and evokes 
the case of Dicranodromia felderi (Fig. 1A, B); 
such marked carinate structures are not present in 
all Hypoconcha species. In the genus Hypo-concha, 
H. arcuata Stimpson, 1858 (Fig. ID) and 
H. panamensis Smith, 1869 have no coxal projec¬ 
tions, and their system of abdominal retention is 
special. The male abdomen is short, with the tip 
of the telson reaching the level of P2, and the 
posterior part of segment 5, close to the articula¬ 
tion with segment 6, is bent at right angles so that 
the posterior part of the abdomen (posterior part 
of segment 5, segment 6, and telson) lies flat on 
the ventral surface. 

In the dromiid Haledromia bicavernosa (Zietz, 
1887) (species not examined), with a special 
combination of characters (in particular widened 
carapace, small and concealed uropods, and, pro¬ 
bably, direct development), McLay (1993: 158, 
table 2) described a retaining apparatus that 
involves a blunt “tooth on bases of first legs 
against margin of penultimate [abdominal] seg¬ 
ment.” 

Structures on Pi and P2 
Both structures functional. 

In Lauridromia dehaani (Rathbun, 1923) 
(Fig. 2A, B) the coxae of PI and P2 each have a 
denticulated prominence which fits into a depres¬ 
sion on the external margin of the telson and the 
somite 6, respectively. In a ventral view of the 
abdomen, along the external margin and just pos¬ 
terior to the uropod, a notch on the telson 
receives a coxal prominence of PI while a deep 
depression receives a coxal prominence of P2. In 
addition, the mobile uropod is involved, being 
engaged against the bases of the coxa of P2. 
When the abdomen is extended, the pair of coxal 
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prominences on P2 acts as in full-lock with the 
pair of uropods. Thus, here, the uropod plays an 
important role. 

It is not clear why specimens of L. dehaani exa¬ 
mined by Dai & Ng (1997: 757) are indicated as 
having a serrated flange “obvious only on the 
coxa of the first leg.” 

Structures on PI supposed nonfunctional 
In Lauridromia intermedia (Laurie, 1906) 
(Fig. 2C) the abdomen settles tightly between the 
bases of the first pereiopods, the coxa of which 
hears a granular prominence, probably not func¬ 
tional; on the external margin of the telson the 
corresponding area is not notched. In compensa¬ 
tion, the well-developed coxal prominence of P2, 
which bears a fine and regularly denticulated 
crest, fits into a deeply excavated depression on 
the lateral edge of abdominal segment 6. The nar¬ 
row uropod finds its place perfectly in contact 
with the coxal projection, and the abdomen is 
firmly retained at this level. The internal side of 
the P3 coxa bears a nonfunctional minute granu¬ 
le. Additionally, on the sternum two areas are dif¬ 
ferentiated, one with sparse granules at the level 
of the PI condylus and another one with a tuber- 
culate crest at the level of the P2 condylus. 
Variations exist concerning the relative position 
of the uropod in regard to the coxal projection of 
P2. In Takedromia cristatipes (T. Sakai, 1969) the 
high coxal prominence on P2 comes into contact 
with the uropod, which is movable. 

In Dromia erythropus (G. Edwards, 1771) 
(Fig. 2D) and in D. marmorea Forest, 1974, the 
uropod lies rather far from the coxal prominence. 
A similar organization is observed in D. monodi 
Forest et Guinot, 1966 (Fig. 3A), which has spe¬ 
cially mobile uropods and a coxal prominence on 
P2 bearing 8-10 small denticles aligned on a high 
oblique crest. The coxa of PI remains tubercula- 
te but does not seem to be effective since there is 
no contact with the telson. In D. monodi some 
granules are also present on the lateral part of the 
sternite 4. In his diagnosis of the genus Dromia 
Weber, 1795, McLay (1993: 149) mentioned the 
uropods as “used in male abdominal locking 
mechanism by fitting in front of serrated flange 
on the bases of first legs”, a sentence that led 
Dai & Ng (1997: 757) to misinterpret “this ser¬ 


rated flange supposedly present only on the coxa 
of the first leg.” 

Homalodromia coppingeri Miers, 1884 (Fig. 3B) 
has longitudinally extended and pointed uro¬ 
pods, that are clearly mobile. On the PI coxa 
there is a small tuberculate prominence and on 
the P2 coxa a particularly high, cupuliform, and 
denticulated prominence that is nearly horizontal 
at rest and becomes functional by the movement 
of the leg. This prominence constitutes a full-lock 
system with uropods; the long telson is not invol¬ 
ved. 

The structure on the Pi coxae of Dromia perso- 
nata (Linne, 1758) (Fig. 4B) and D. bollorei 
Forest, 1974, which consists of a small granular 
prominence far from the abdomen’s margin, is 
not functional. The salient granular prominence 
on the P2 coxa comes in contact with the border 
of segment 6 and is distant from the mobile uro¬ 
pod. The abdomen of the preserved specimens 
examined was not retained. 

Only the observation of living animals may help 
to conclude how efficient the mobile uropods are 
as a full-lock mechanism. 

Structures on P2 and P3 

When the abdomen is short and the telsons tip 
lies far from the level of the chelipeds, nothing 
functional is observed on the PI coxa, and struc¬ 
tures on P2 and P3 are present instead. 

In Conchoecetes intermedins Lewinsohn, 1984 
(Fig. 4A), a bivalve-carrying crab, the P2 coxa 
bears a strong and ornamented prominence that 
acts as a full-lock mechanism with a very close, 
salient uropod. The narrow episternite 5, which 
remains exposed and visible between the coxae of 
P2 and P3, is also provided with some granules. 
In addition, a rounded tubercle (the internal one 
of an aligned series) on the P3 coxa comes into 
contact with an incurved part of the lateral abdo¬ 
minal margin at the level of segment 5. Similar 
granules on the P4 coxae (the legs that hold the 
shell) are too small to be effective. 

In Spbaerodromia Alcock, 1899, which is consi¬ 
dered the most primitive known dromiid genus 
by McLay (1993: 127), individuals carry large 
pieces of sponge for camouflage. McLay (1991: 
466) reported a relatively “elaborate grasping 
mechanism” in the genus. All preserved speci- 
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Fig. 2. — Retaining apparatus in Dromiidae; A, B, Lauridromia dehaani (Rathbun); A, d 80.4 x 76.9 mm, Seychelles (MNHN-B 7760); 
B, <J 42 x 45 mm, Gulf of Suez (MNHN-B 21994): internal surface of abdomen; C, Lauridromia intermedia (Laurie), 6 52.4x48.1 mm, 
New Caledonia (MNHN-B 12754); D, Dromia erythropus (G. Edwards), 6 25.2 x 25.3 mm, Venezuela (MNHN-B 12713); E, 
Sphaerodromia rux Alcock, 6 58.7 x 67.1 mm, Madagascar (MNHN-B 6872): without abdomen. Abbreviations: a5, a6, abdominal 
segments 5-6: cxI, cx2, cx3, coxae of P1-P3: d. depression; n. notch; pr. projection of the coxa; t, telson; u, uropod; 4, 5, sternites 4, 
5. 
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mens that were examined did not have their 
abdomens well retained. We did not observe any 
specialized structures on the PI coxa of S. nux 
Alcock, 1899 (Fig. 2E), S. ducoussoi McLay, 1991 
and S. brizops McLay et Crosnier, 1991. On the 
coxae of P2 there is a distinctly granular promi¬ 
nence that acts on anterior part of the telson (the 
dorsal uropods are not involved); on the coxa of 
P3 there is a larger granular prominence, that is, 
however, completely covered by abdominal seg¬ 
ment 5. 

Structures on P2 only 

In Hemisphaerodromia monodus (Stebbing, 1918) 
(Fig. 3C, D), which has a narrowed abdominal 
segment 6 and mobile dorsal uropods, the whole 
base of the P2 coxa forms a rounded and salient 
prominence, that is serrated on its internal and 
superior margins. This prominence is tigthly 
encircled in the space just behind the uropods 
and fits into a depression on the border of pleo- 
mere 6, much thickened at this level. 

In Cryptodromiopsis antillensis (Stimpson, 1858) 
(Fig. 4C), in which the dorsal uropods apparent¬ 
ly do not play a role, a short but sufficiently deve¬ 
loped spine that projects from the base of the P2 
coxa overhangs segment 6 anteriorly and firmly 
holds the abdomen. It is noteworthy that a mar¬ 
kedly visible granule is present on the P3 and P4 
coxae. 

The three known species of Exodromidia 
Stebbing, 1905, E. spinosa (Studer, 1883), the 
type species of the genus, E. bicomis (Studer, 
1883) and E. spinosissima (Kensley, 1977), all 
from South Africa, were examined. They are cha¬ 
racterized by vestigial male pleopods on seg¬ 
ments 3-5 (not discernible, however, in our 
small-sized male of E. spinosa) and by uropods 
that are only small ventral lobes and cannot play 
any role in retaining the abdomen. All three show 
a highly marked differentiation of the coxae of P2 
(Guinot 1995: 187), a feature that was neglected 
in the taxonomic descriptions. In E. bicomis 
(Figs 4D, 5A), a very long, stout, smooth (and 
white) spine projects from the coxa of P2 in a 
direction parallel to the lateral margin of the 
abdomen. In E. spinosissima (Fig. 5B, C) the P2 
projection is relatively thicker and tuberculate at 
its base, and similarly directed. This projection 


overhangs abdominal segment 5 and the poste¬ 
rior portion of segment 4 only when the P2 are 
moved backwards. The presence of such strong 
coxal projections is unique in dromiids. Their 
role in preventing the abdomen being lifted up is 
evident, and significantly implies an active invol¬ 
vement of the legs (i.e. P2) in order to place the 
long spines above the abdomen. 

Exodromidia spinosa (Studer, 1883) (Fig. 5D, E) 
shows a rounded and granular prominence that 
projects from the P2 coxa and fits into a deep 
depression on the margin of abdominal 
segment 6. This segment is distinctly hollowed 
along most of its thickened edge. The coxal pro¬ 
jection is visible on the illustration given by 
Doflein (1904, pi. 6, fig. 2); the depression on 
pleomere 6 and the telson’s spine are not visible 
in the sketches by Macpherson (1983: 13, 
fig. 6A). The modification of the external edge of 
pleomere 6 resembles that of Hemisphaerodromia 
(Fig. 3C, D), but a difference lies in the fact that 
mobile dorsal uropods are involved in 
Hemisphaerodromia, whereas absolutely not in 
E. spinosa (only small ventral lobes). 

The three Exodromidia species have the posterior 
part of telson ending in an acutely sharp spine in 
males (Figs 4D, 5A, B, D) but rounded in 
females. The acute tip moves inside a marked fur¬ 
row that is hollowed on sternite 4 in males, whe¬ 
reas sternite 4 is not grooved in females. The fur¬ 
row of sternite 4 could be particularly “useful” 
when in E. bicomis and E. spinosissima the pair of 
long coxal projections must overhang the abdo¬ 
men at times when free movement of the abdo¬ 
men is necessary. 

E. bicomis , chelipeds of which are considerably 
elongated, evidence of strong positive allometric 
growth, is a peculiar dromiid: bits of coral are 
attached to the long pseudorostral teeth, and the 
whole body is concealed by fragments of sand or 


Fig. 3. — Retaining apparatus in Dromiidae; A Dromia monodi 
Forest et Guinot, 6 30 x 32 mm, Mission Casamance (MNHN- 
B 21937); B, Homalodromia coppingeri Miers, 6 5.2 x 5.3 mm, 
Seychelles (MNHN-B 26130): C. D, Hemisphaerodromia mono¬ 
dus (Stebbing). 6 14 x 15.5 mm, Fort-Dauphin (MNHN- 
B 11204): in D detail of abdomen, ventral (above) and side 
(below) views. Abbreviations: a5. a6, abdominal segments 5, 6; 
cxI, cx2. coxae of PI, P2; d, depression; mxp3, external maxil- 
liped; pr, projection; t, telson; u, uropod; 4, sternite 4. Setae 
were not figured. Scale bars: 1mm. 
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mud among the stiff bristles and spines. Carrying 
behaviour with the very short, but subcheliform, 
last pereiopods is possible, but perhaps unneces¬ 
sary (Guinot et al. 1995). E . spinosa also has long 
chelipeds and the carapace covered with stiff 
bristles, but materials of settlement were not 
observed on the body of the two specimens that 
were examined. 


No apparent structures 

In the species of Pseudodromia Stimpson, 1858 
that were examined, P. latens Stimpson, 1858 and 
P. rotunda (Macleay, 1838), which are always inti¬ 
mately associated with ascidians, and in the 
monospecific genus Ascidiophilus Richters, 1880 
(with A. caphyraeformis Richters, 1880, a small¬ 
sized species with the body tightly enclosed in a 



Fig. 4. — Retaining apparatus in Dromiidae; A, Conchoecetes intermedius Lewinsohn, d 16 x 17 mm, holotype, Madagascar 
(MNHN-B 6891); B. Dromia personata (Linne), d 52 x 65 mm, Azores, Faial (MNHN-B 21969); C, Cryptodromiopsis antillensis 
(Stimpson), d 18 x 18 mm, French Guyana (MNHN-B 22029); D. Exodromidia bicornis (Studer), 6 18 (without pseudorostral 
spines) x 19 mm, Souh Africa (SAM 10724). Abbreviations: a6. abdominal segment 6; cxI, cx2, cx3, coxae of P1-P3; f, furrow on 
sternite 4; g, granule; mxp3. external maxilliped: pr, prominence; sp, spine; t, telson; tu. tubercle; u, uropod; 3, 4, sternites 3, 4. 
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Fig. 5. — Retaining apparatus in the three species of Exodromidia Stebbing (Dromiidae): A. Exodromidia bicornis (Studer), 6 18 
(without pseudorostral spines) x 19 mm, South Africa (SAM A10724); B. C, Exodromidia spinosissima (Kensley), 6 4.8 x 4.6 mm, 
South Africa (SAM A17681): in C. detail of right and left P2 coxae (the projections are broken at their tips, at least on coxa of left P2); 
D. E, Exodromidia spinosa (Studer), 6 29 x 32 mm, Cape Point (BMNH 1929.12.1.234-235): in E, detail of abdomen in ventral 
(above) and side (below) views. Abbreviations: a5. a6. abdominal segments 5, 6; cx2, coxae of P2; d.s., sterno-coxal depression; 
f, furrow; mxp3. external maxilliped; pl5, vestigial pleopod on abdominal segment 5: pr, projection: sp, spine; t, telson; u, uropod; 
3, 4, sternites 3, 4. Setae were not figured. Scale bars: A, C, D, 1 mm; B. 0.5 mm; E, 2 mm. 
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compound ascidian held by the prehensile P4 
and P5, see Guinot 1995), the absence of an 
abdominal retention in males can be inferred by 
the protection obtained by living inside the asci¬ 
dian. In these highly specialized forms, the vesti¬ 
gial pleopods on segments 3-5 are lost. The uro- 
pods are only represented by small ventral lobes 
in Pseudodromia, whereas there is no trace of uro- 
pods in Ascidiophilus. 

Tunedromia yamashitai ( fakeda et Miyake, 
1970), type species of the genus Tunedromia 
McLay, 1993, and only known from females, is 
indicated as lacking uropods (McLay 1993: 134, 
table 1), but males need to be examinated. 

Discussion 

The case in which only Pi is involved, retention 
of the abdomen at the level of the telson charac¬ 
terizes Hypoconcha californiensis. In other cases, 
the involvement of other appendages (P2 and/or 
P3) and of the dorsal uropods frees the Pi from a 
retaining function. In Exodromidia, which lacks 
dorsal uropods, only P2 is involved. Only when 
the coxal structure on Pi plays a role, an involve¬ 
ment of the telson was observed with a subse¬ 
quent modification of its edge, which can be 
markedly thickened, notched or hollowed (coap¬ 
tation by juxtaposition or by engagement), in the 
dromiid evolutionary series, the loss of the retai¬ 
ning function of the abdomen by the chelipeds 
seems correlated with the loss of the holding at 
the level of the telson. Thus the only appendages 
able to play this role, by means of a coxal projec¬ 
tion, are P2 and P3. The P4, which in dromiids 
are reduced and along with P5 hold a camoufla¬ 
ge cap, cannot be used for abdominal retention. 
The P2, which develop the most complex and 
probably the most efficient systems, remain the 
only appendages to be used. At this stage, the 
sternal somite involved in retaining is the fifth 
(corresponding to P2) and the involved pleomere 
is the sixth. In the case where the coxal promi¬ 
nences on P2 and P3 ( Sphaerodromia) are com¬ 
pletely covered by the abdomen, these structures 
are similar to those in the preceding cases 
although they are ineffective. 

As in all Brachyura the abdomen is used for the 
protection of the eggs in female dromiids. In the 
family Dromiidae the sexual dimorphism of uro¬ 


pods concerns not only the size (uropods are 
generally smaller in males) but also the shape and 
orientation (uropods are generally more salient in 
males), so that the role of the uropods remains 
very efficient in adult males. 

Among the numerous modalities of abdominal 
retention shown by dromiids, we observed cases 
in which the abdomen, simply applied flat on the 
sternum between the legs, is more or less effi¬ 
ciently immobilized by a prominence that acts as 
a stop, often with horizontally expanded uropods 
( Conchoecetes, Dromia personata, D. bollorei, 
D. monodi). In other cases {Lauridromia), the 
abdomen, with almost vertical uropods, is inser¬ 
ted in a rather deep depression between the legs, 
and the edges of the telson and segment 6 beco¬ 
me highly modified complementary to the cor¬ 
responding coxae. Coaptations by juxtaposition 
and by engagement perform an extremely effi¬ 
cient way of retaining the abdomen. We suggest 
to name the configuration in which the uropods 
contact with coxal prominences, as the full-lock 
system. 

The case of Hemisphaerodromia monodus com¬ 
bines a coaptation by engagement (the thick bor¬ 
der of pleomere 6 is distinctly hollowed) and a 
full-lock between the serrated prominences and 
the very mobile dorsal uropods. This configura¬ 
tion provides a strong system. 

The uropods are very mobile in many cases (for 
example Dromia personata, D. bollorei, D. mono¬ 
di, Lauridromia dehaani, Homalodromia coppin- 
geri, Hemisphaerodromia monodus), and this is 
probably correlated with their role in abdominal 
retention. 

Other modalities are exemplified by cases of 
simple overhanging, without any coaptation bet¬ 
ween the abdomen and the coxae of legs, and 
without the involvement of uropods 
(Cryptodromiopsis antillensis, Exodromidia). The 
coxal P2 projection in E. bicornis and E. spinosis- 
sima appears as the most developed amongst the 
dromiids and perhaps in all brachyuran crabs. 
The abdominal segment 6 may be markedly 
modified in relation to its involvement in retai¬ 
ning the abdomen. Its thickened external edge is 
distinctly hollowed in Lauridromia dehaani, 
L. intermedia, Hemisphaerodromia monodus and 
Exodromidia spinosa. 
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Modifications of the telson in relation to the 
retaining apparatus are sometimes pronounced in 
dromiids: an example is the deep notch on the 
external margin in Lauridromia dehaani. In the 
genus Exodromidia, it seems that the sexually 
dimorphic telson may play a role when it moves 
inside the furrow on sternite 4 to put the P2 
coxae in an overhanging position. This depres¬ 
sion of sternite 4, absent in females, also consti¬ 
tutes a sexually dimorphic feature and, if it is real¬ 
ly involved in facilitating the accommodation of 
the telson spine, it is also an exceptional pheno¬ 
menon in brachyuran crabs. 

The cases with no apparent retaining structures in 
dromiids are rare. As fir as we know, it only exists 
in species associated with ascidians, viz. Pseudo- 
dromia rotunda and Ascidiophilus caphyraeformis. 
Hypoconcha arcuata and H. panamensis also lack 
differentiated structures, but they markedly differ 
in having their abdomen bent at right angles, and 
with its posterior half particularly oriented to the 
ventral surface. This abdominal curvature, less 
pronounced in males than in females, seems to be 
correlated with the inclination of the two last tho¬ 
racic sternites relative to the preceding ones. 

Family Dynomenidae Ortmann, 1892 
The phylogenetic relationships of the family 
Dynomenidae to both Homolodromiidae and 
Dromiidae (exemplified by Dynomene tanensis 
Yokoya, 1933, Homolodromia kai Guinot, 1993, 
and Sphaerodromia lamellata Crosnier, 1994, res¬ 
pectively), have been examined using spermatolo- 
gical characters (Guinot et al. 1998). As in the 
case of general morphology the ultrastructure of 
spermatozoa strongly endorses monophyly of the 
Dromiacea, without a clear recognition of its 
three families, however. 

The question of the existence of a retaining appa¬ 
ratus in dynomenids was first raised by Guinot 
(1978a, 1979a, 1993a); see also McLay (1991). 

In dynomenids the thoracic sternum is relatively 
wider than in dromiids and forms a plate that 
inclines posteriorly. The only sternite that is pla¬ 
ced in a plane other than the preceding ones is the 
sternite 8, which corresponds to the last pair of 
legs. The P5, which are reduced but are neither 
dorsal nor specially movable (but their move¬ 
ments are coordinated with those of the other per- 


eiopods, C. L. McLay pers. comm.), are always 
intercalated between the posterolateral margins of 
the carapace and the bases of P4. A sterno-abdo- 
minal cavity sensu stricto is not present. The abdo¬ 
men is very broad, even in males, relatively much 
broader than in dromiids, flexible, and is not clo¬ 
sely held on the sternum. The dynomenid abdo¬ 
men is the most primitive one within the 
Brachyura in maintaining pleopods on seg¬ 
ments 3-3 as (generally) biramous vestiges. Dorsal 
uropods are always well-developed, never projec¬ 
ted, even in males, and they show sexual dimor¬ 
phism, being larger in females. In preserved dyno¬ 
menids, at least in adult individuals, the male 
abdomen is never firmly held against the sternum, 
resembling the female condition. 

Apparatus on the coxae oj thoracopods 
An example of an effective retaining apparatus is 
shown by Acanthodromia erinacea A. Milne 
Edwards, 1880, a species ornamented with many 
spines. In the single mature female examined, the 
broad and curved abdomen covers the whole ster¬ 
num, and the developed telson covers the proxi¬ 
mal part of Mxp3 (Figs 6A, 7A, B). The coxae of 
four thoracopods are involved. The coxa of Mxp3 
bears a particular spinule, stronger than the sur¬ 
rounding ones, which overhangs the posterior 
part of the long telson. The coxae of the three 
first pereiopods (P1-P3) present a lateral depres¬ 
sion that props up the abdomen. In addition, 
each coxa is equipped with two to three orna¬ 
ments (spinules or granules) that overhang the 
telson at P1-P2 level and the pleomere 6 with its 
uropods at the P3 level. On episternite 5, which 
is covered by the telson, two small granules are 
present but they seem not to play any role. This 
configuration in females is probably similar to 
that found in males, which were not examined. 

In other dynomenids, in which the abdomen is 
much shorter and tends to not entirely cover the 
sternal plate, some structures were observed 
which can be referred to as a retaining system, 
that is perhaps inefficient at least in large adults. 
According to species, it involves either P2 + P3 
(never PI) or sternite 5, and two main types may 
be described: one analogous to Acanthodromia 
and another one (see below, Apparatus on the 
sternum). 
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In two Dynomene species, two weak and orna- gin; another coxal prominence exists on P3, but 
mented coxal prominences occur on P2 and P3, it is even smaller. In a male individual from 
respectively, in the adult males. In D. tanensis Glorieuses Islands identified as Dynomene aff. 
Yokoya, 1933 (Figs 6B, 7C) there is a well-deve- devaneyi Takeda, 1977 (Fig. 6C), the coxae of P2 
loped and tuberculate prominence located on the and P3 bear a weak prominence, the ornamenta- 
P2 coxa that comes very close to the uropod mar- tion of which is asymmetrical: on the left P2 
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Fig. 6. — Retaining apparatus in Dynomenidae: A. Acanthodromia erinaceaA. Milne Edwards, ovigerous 9 14.7 x 12 mm, west of 
Puerto Rico (USNM 124263): B, Dynomene tanensis Yokoya. 6 19.4 x 19.7 mm, New Caledonia (MNHN-B 25583): C. Dynomene 
aff. devaneyi Takeda, 6 23.2 x 22.7 mm, Glorieuses Islands. Benthedi Exp. 1977 (MNHN-B 22510); D, Dynomene hispida Guerin- 
Meneville, 6 8.8 x 11.5 mm, New Caledonia (MNHN-B 22091). Abbreviations: a6. abdominal segment 6; cxI, cx2, cx3, coxae of 
P1-P3; mxp3, external maxilliped; pr, coxal or sternal prominence: sp, spine: t. telson: u, uropod: 1-3, sternites 1-3: 4. 5, sternites 
4, 5. 
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Fig. 7. — Retaining apparatus in Dynomenidae; A. B, Acanthodromia erinaceaA. Milne Edwards, ovigerous 9 14.7 x 12 mm, west 
of Puerto Rico (USNM 124263): thoracic sternum with and without abdomen; C. Dynomene tanensis Yokoya, 6 12.2 x 13 mm, New 
Caledonia, Smib 2, stn DWl (MNHN). with detail of the prominences on P2 and P3 coxae: D. Dynomene hispida Guerin-Meneville, 
6 6.9 x 8.8 mm. New Caledonia (MNHN-B 22091). Abbreviations: a6. abdominal segment 6; cxI, cx2. cx3, coxae of P1-P3; d.s., 
sterno-coxal depression: mxp3, external maxilliped; pr. projection; sp, spinule;t, telson; u, uropod; 1-3, sternites 1-3; 4, 5, sternites4, 
5. Setae were not figured. Scale bars: 1 mm. 
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coxa, the prominence is distinctly bifid; on the 
right P2 coxa and on the left P3 coxa, the promi¬ 
nence has only one tubercle, and on the right P3 
coxa the prominence shows a row of three 
tubercles. The complete system appears not to be 
effective. The presence of “blunt teeth” on the P2 
and P3 coxae was noticed by McLay (1991: 466) 
in D. devaneyi Takeda, 1977. 

The case of Paradynomene tuberculata T. Sakai, 
1963 (Guinot 1993a), the body of which is com¬ 
pletely covered by large granules, is difficult to 
analyse. The external margin of the abdomen 
comes close to P2 and P3 coxae, and only the 
very external part of the episternite 3 is visible 
when the abdomen is flexed. The sets of granules 
at the prominent bases of the P2 and P3 coxae 
appear as possible means of restricting the lateral 
movements of the abdomen. The episternite 5 is 
ornamented with a few sparse granules which do 
not appear to be effective. 

Apparatus on the sternum 

In male Dynomene hispida Guerin-Meneville, 
1832, type species of the genus Dynomene , the 
differentiation is located on the narrow exposed 
episternite 5 (Figs 6D, 7D). Sometimes its surface 
seems to be granular or formed by more than one 
tubercle or spine. This prominence on sternite 5 
lies close to the uropod; it is possible that in the 
juveniles it overhangs the uropod. But the pro¬ 
minence becomes more minute in larger indivi¬ 
duals, and it seems to be in relation to the uropod 
(Guinot 1979a, pi. 21, figs 8, 9). 

The same configuration of a sternal tubercle, that 
is more or less prominent or acute but apparent¬ 
ly ineffective, exists in many of the dynomenids 
that were examined, such as D. fdholi Bouvier, 
1894, D. praedator A. Milne Edwards, 1879, 
D. spinosa Rathbun, 1911, and D. Ursula 
Stimpson, 1860. These Dynomene species charac¬ 
terized by a sternal differentiation are in contrast 
to the two preceding D. tanensis and D. aff. deva¬ 
neyi, as well as to the genera Acanthodromia and 
Paradynomene , which have coxal differentiations. 

Discussion 

It is noteworthy that in certain dynomenids the 
retaining structure does not involve the limbs any 
more but takes place on the corresponding somi¬ 


te (sternite 5), certainly a consequence of the 
broadening of the thoracic plate. Such a differen¬ 
ce of position indicates to us that diverse dyno- 
menid crabs belong to distinct genera instead of 
the traditional single genus Dynomene, in other 
words, that D. tanensis and D. aff. devaneyi must 
be distinguished in regard to this character and 
cannot belong to the same genus as the typical 
species D. hispida. It is obvious that in the cases 
where coxal structures are involved ( Acanthodro¬ 
mia,, Paradynomene, D. tanensis and D. aff. deva¬ 
neyi, Figs 6A-C, 7A-C), the abdomen laterally 
fills the whole space between the coxae and ante¬ 
riorly covers a large part of sternite 4. In the case 
where sternal structures are involved ( Dynomene 
hispida , Figs 6D, 7D) the thoracic sternum 
appears laterally and anteriorly more exposed. 
Dynomenids show a pattern like that of dro- 
miids, with an involvement of thoracopods and a 
major role of P2. No dromiid crab, however, has 
a structure located on Mxp3 analogous to the 
configuration in Acanthodromia. In regard to dro- 
miids, a dynomenid innovation is, in many of the 
Dynomene, the sternal differentiation on thoracic 
somite 5, corresponding to P2, just facing the 
large uropod. The question is to know if the 
minute structure positioned on the P2 coxa or on 
sternite 5, that just touches the uropod (perhaps 
overhanging the uropodal margin in the young 
individuals) or quite apart in adults, is hence in a 
position to be effective in retaining. We can assu¬ 
me that, in large males, the abdomen is restricted 
in its lateral movements. The rudimentary struc¬ 
tures, either coxal or sternal, are placed in such a 
manner that they may fill the same role. 
Dynomenids differ from dromiids in many 
points: in dynomenids the dorsal uropods do not 
appear to be modified and their sexual dimor¬ 
phism seems to have no effect; the sexually 
dimorphic telson never seems to be modified. As 
homolodromiids and most dromiids, dynome¬ 
nids have sterno-coxal depressions at the level of 
P2, P3, and also P4. 

The dynomenid apparatus, which disappears in 
females after the puberty moult, should be stu¬ 
died in detail, especially in living animals during 
their growth. The examination of the numerous 
fossil dynomenids would be informative as well. 
The discovery in ancestral dynomenids of sternal 
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Fig. 8. — Retaining apparatus in Homolidae and Poupiniidae; A. Homola orientalis Henderson. 6 34.8 x 23 mm, French Polynesia 
(MNHN-B 22385); B. Paromola bathyalis Guinot et Richer de Forges. 6 72 x 48 mm, paratype, New Caledonia (MNHN-B 19898); 
C. Homolomannia sibogae Ihle, <5 39.2 x 27 mm, Philippines, Musorstom 2 (MNHN-B 13825); D, Poupinia hirsuta Guinot, 6 48 x 
38 mm, holotype, French Polynesia (MNHN-B 24346). Abbreviations: a6, abdominal segment 6; cxI, cx2, coxae of PI, P2; mxp3, 
external maxilliped; sp, spine; t, telson. 
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Table 1. — Diagramatic representation of various modes of abdominal holding. (In white: articles of appendages involved; stippled 
zone: abdominal part; in grey: sternal somite 4). A, simple juxtaposition without any differentiation nor projection; B, juxtaposition by 
a projection, without a notch on abdomen; C, coaptation by engagement involving a differentiated structure together with a notch on 
abdomen; D-F, various modes of overhanging; G, H, overhanging and coaptation by engagement; I, coaptation by engagement 
involving a differentiated structure together with a notch on abdomen; J, juxtaposition by a differentiated structure, without a notch on 
abdomen. The homolid press-button (coaptation by assemblage), present in all genera, is represented by fig. K. 
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Table 2. — Modes of abdominal holding and various involved appendages in the genera of the family Homolidae. 

Letters refer to table 1. The shape of the differentiated structures (spine, granule, tubercle, or others) was not given. Letters in brac¬ 
kets indicate a nonfunctional structure. The coxa often has two distinct zones that may show a different mode of retaining. (Data for 
the genus Gordonopsis are from Guinot & Richer de Forges 1995). 


GENUS 

Mxp2 

coxae 

Mxp3 articles 

Thoracopods 

coxae of 


coxae 

basis 

ischion 

PI 

P2 

P3 

Homola 


H 



D 

D 

D 

Paromolopsis 


(J)-D 

E 


J 

J 

(J) 

Paromola 


l-H 

E 


D 

D 

D 

Moloha 


l-F 

F 


D 

1 

1 

Latreillopsis 


l-F 

F 

D 

J 

(J) 

(J) 

Dagnaudus 

A 

B-D 

1 


C 

1 

1 

llhopsis 


l-G 

E 

D 

E 

A 

A 

Homolochunia 


l-F 

F 

(E) 

E 

(A) 

(A) 

Yaldwynopsis 


l-D 


1 

1 

1 

1 

Hypsophrys 

A 

J-H 



l-E 

1 

1 

Gordonopsis 

? 

? 

? 

? 

1 

1 

(1) 

Homologenus 


C 



F 

(D) 

(D) 

Homolomannia 

A 

C-G 

E 

E 

E 

(A) 

(A) 

Homolax 

A 

J-D 

D 


J-A 

J 

J 


prominences used as projections overhanging the 
uropods, instead of the acanthodromiid, parady- 
nomenid and (pro parte) dynomenid coxal pro¬ 
jections, would be very significant. 

Superfamily Homoloidea de Haan, 1839 
The superfamily Homoloidea has long been asso¬ 
ciated with the Dromiacea, and certain authors 
(Hartnoll 1975; Stevcic 1981; Bishop 1986) have 
continued to subordinate Homoloidea to the 
Dromiacea. But, at the present time, the mor¬ 
phological and spermatological data support the 
proposition that the Homoloidea should be 
removed from the Dromiacea and, at a higher 
level, their inclusion in a single grouping, the 
Podotremata (Guinot et al. 1994; Guinot & 
Richer de Forges 1995). Before the establishment 
of the Poupiniidae, the Homoloidea were charac¬ 
terized as having the P5 dorsal, reduced in length 
and subchelate or chelate (with the exception of 
certain latreilliids). Discovery of Poupinia hirsute 
Guinot 1991, with P5 dorsal and movable, redu¬ 
ced in width but not in length and not subcheli- 
form, changes this definition. In poupiniids the 
P5 are relatively unmodified but are clearly diffe¬ 
rent from the preceding legs. So the homoloid 
character of P5 different from P4 (instead of 


similar P4 and P5 in the Homolodromiidae and 
most Dromiidae) remains a valuable criterion. 
The family Homolidae is characterized by a dor¬ 
sal linea homolica , which is absent in the two 
other families Latreilliidae and Poupiniidae. 

Family Homolidae de Haan, 1839 
In homolids the abdomen is long, and the telson 
engages between the coxae of third maxillipeds 
and sometimes between second maxillipeds, 
which in a way clasp the posterior part of the 
pleon. These crabs are remarkable due to the co¬ 
existence of two types of retaining and locking 
mechanisms (Guinot 1979a; Guinot & Richer de 
Forges 1995). On the one hand, a retaining sys¬ 
tem: several projections on the coxae of various 
appendages (Mxp3, Pi through P3) are involved, 
often acting simultaneously (Tables 1,2). On the 
other hand, a locking mechanism: differentiated 
structures are present on the sternal surface, with 
a pair of special prominences (on sternite 4) fit¬ 
ting into a pair of sockets in the internal part of 
the abdominal segment 6. 

Structures on appendages 

Most homolids immobilize their abdomen by 
using either a deep depression on the coxae that 
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Fig. 9. — Retaining apparatus in Homolidae and Latreilliidae; A, Homologenus levii Guinot et Richer de Forges. d 10.2 x 6.5 mm (cl 
without rostrum, cw without lateral spines), paratype. Chesterfield Islands (MNHN-B 19883): B, Homolochunia kullar Griffin et Brown, 
d 26.5 x 23 mm (cl without rostrum), New Caledonia (MNHN-B 16662), with detail of cxI and homolid press-button; C. Homola 
ranunculus Guinot et Richer de Forges, d 42.6 x 35.5 mm, paratype. New Caledonia (MNHN-B 20272); D, Latreillia aff. valida de 
Haan, d 13.5 x 8.3 mm, New Caledonia, Halipro 1, stn CP 851 (MNHN), with detail of the homolid press-button. Abbreviations: a5, 
a6, abdominal segments 5, 6; cxI, cx2, cx5, coxae of PI, P2, P5: d.s., sterno-coxal depression; g, female gonopore; h.b., homolid 
button; p, penis; t, telson; 1, 2, 3, 4, sternites 1-4. Setae were not figured. Scale bars: A. C, 5 mm; B, D, 1 mm. 
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corresponds with complementary surfaces on the 
abdominal margin, or diverse structures (such as 
granules, tubercles, spines, spinules, groups of 
similar structures, or a sliding surface). The struc¬ 
ture situated on the coxae of Mxp3 correspond to 
the posterior part of telson, those on PI coxae to 
abdominal segment 6, those on P2 coxae to 
abdominal segment 5, and those on P3 coxae (a 
structure probably nonfunctional) to abdominal 
segment 4, respectively. These structures may fit 
into complementary parts of the abdomen or 
overhang it. fables 1 and 2 summarize the action 


of the various appendages involved, with their 
respective modes of coaptation. 

Some examples are briefly reviewed here. 

In Homologenus A. Milne Edwards, 1888 
(Fig. 9A), probably very primitive, the extremity 
of the telson engages between the bases of the 
Mxp3, which props up. In addition, a remarkably 
long and spinose prominence on Pi coxa com¬ 
pletely overhangs the telson. The spines on P2 
and P3 coxae seem ineffective. In Lamoha Ng, 
1998 (= Hypsophrys Wood-Mason, 1892) the tel¬ 
son is propped up by Mxp2, overhung by Mxp3, 






SI mxp3 




Fig. 10. — Homolid button and socket in Homolidae and Latreilliidae; A, C. Moloha majora (Kubo), 6 51 x 38 mm, Sagami Bay 
(MNHN-B 24798); A, thoracic sternum without abdomen; C. ventral surface of abdomen, B, Latreillia valida de Haan, cl 16 mm, Japan 
(MNHN): thoracic sternum without abdomen; D. Homola orientalis Henderson, 6 31.6 x 25.2 mm, French Polynesia (MNHN- 
B 22385): photographs with the scanning electron microscope of the right homolid button, internal side view. Abbreviations: a6, abdo¬ 
minal segment 6; cxI. cx2, coxae of PI, P2; h.b.. homolid button: mxp3. external maxilliped; so. socket; t, telson; 4, sternite 4. Scale 
bars: D, 100 pm. 


ZOOSYSTEMA • 1998 -20(4) 


637 





Guinoi D. & Bouchard J.-M. 


and every articular condyle of P1-P4 (more deve¬ 
loped on P1-P2) on the sternum fits on a com¬ 
plementary part of the abdominal margin. 
Homolomannia Ihle, 1912 (Fig. 8C) is characteri¬ 
zed by a system that is chiefly provided by the 
internal margin of the P2 and P3 bases, which 
cover part of the telson. Homolochunia Doflein, 
1904 (Fig. 9B), an advanced genus with the last 
pair of pereiopods terminating in a true subchela 
(Guinot & Richer de Forges 1981), is characteri¬ 
zed by a marked coaptation between the posterior 
part of the abdomen and the sternum, specially at 
the level of Mxp3 and PI; the Mxp3 coxa bears a 
strong projection that fits a complementary 
part on the telson; an extension of the PI coxa 
overhangs pleomere 6; there are no spinules on 
the other appendages. In Homola orientalis 
Henderson, 1888 (Fig. 8A), H. ranunculus 
Guinot et Richer de Forges, 1993 (Fig. 9C) and 
Paromola bathyalis Guinot et Richer de Forges, 
1995 (Fig. 8B), the appendages involved are simi¬ 
lar (Table 2). 

Sternal structures 

The latero-external borders of the abdomen of 
homolids reach the proximity of the articular 
condyles of the coxae of P1 on the corresponding 
sternite, the sternite 4. In front and very close to 
this condylus there is a particular sternal struc¬ 
ture, very prominent, high, elongated, and not 
smooth under the binocular; the pair of lateral 
prominences of somite 4 fits into a pair of sockets 
hollowed on abdominal segment 6 at its postero¬ 
lateral angles [Fig. 10A, C: Moloha tnajora (Kubo, 
1936)]. The sternal differentiation appears mar¬ 
kedly serrulate, spinulate or tuberculate, with 
complex microstructures (Fig. 10D) that explain 
the strength of the locking mechanism. 

The abdominal structures of Homola were called 
crans de retention by Perez (1928b: 649; 1929: 
1149). The whole apparatus was named bouton- 
pression homolien (homolid press-button) by 
Guinot (1978a, 1979a). This paired sternal sys¬ 
tem, observed in all homolids, latreilliids and 
poupiniids, appears as a unique innovation of the 
superfamily Homoloidea. 

Family Latreilliidae de Haan, 1840 

The sternal plate of latreilliids is broader than in 


homolids and is not completely covered by the 
abdomen in males; the telson enters between the 
bases of maxillipeds. In the few specimens exami¬ 
ned, the Mxp3 coxae are never equipped with a 
spine but, when closed together, seem capable of 
retaining the telson at its tip. On sternite 4 a pair 
o! very high, cristiform, markedly denticulated 
and sometimes acute projections, with a complex 
apical texture, fits into a pair of sockets in the 
postero-lateral angles of pleomere 6. In the 
latreilliids in which the sternal plate is only a litt¬ 
le broadened, as in Latreillia valida de Haan, 
1839 (Fig. 10B), the sternal structure is positio¬ 
ned near the lateral margin of the plate, as obser¬ 
ved in the family Homolidae. But in the 
latreilliids in which a larger part of the thoracic 
sternum becomes laterally exposed and with a 
broad sternite 4 extended in front of chelipeds, 
the sternal structures protude nearer the medial 
part of the plate (Fig. 9D; see also Latreillia man- 
ningi Williams, 1982, fig. 2d). It is noteworthy 
that the sterno-coxal depressions are completely 
absent in all latreilliids. 

The family Latreilliidae has the same press-but¬ 
ton apparatus as the family Homolidae. The 
homolid press-button seems to remain the only 
effective mechanism in latreilliids: the bases of 
the pereiopods, far from the abdominal margins, 
are unused. The press-button in latreilliids proves 
to be very effective, and it is definite that the sur¬ 
face of the denticulated button possess micro¬ 
structures that improve the mechanism. 

Family Poupiniidae Guinot, 1991 
Males and females of Poupinia hirsuta Guinot, 
1991 bear two kinds of systems, on limbs and on 
the sternum, which apparently operate simulta¬ 
neously (Fig. 8D). 

Two very acute spines project from the coxa of 
Mxp3 and clearly overhang the telson, which 
penetrates far between the maxilliped bases. 
These spines are truly effective but require that 
the Mxp3 move close together. A spinule located 
at the base of the Pi coxa, however, appears 
insufficient to be operative. A pair of ornamented 
sternal prominences lies on the sternal plate (ster¬ 
nite 4), near the articulation with chelipeds and 
fits into a pair of deep sockets hollowed on the 
internal surface of abdominal segment 6. 
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The poupiniids, distinctive because of their ovoid 
carapace, their P5 not adapted for carrying beha¬ 
viour or for grasping, and their high gill count, 
possess the same “homolid press-button’’ as 
homolids and latreilliids. 

Discussion 

Projections on the basal parts of appendages are 
used in homolids (on Mxp3 and PI through P3) 
and poupiniids (on Mxp3), together with the 
homolid press-button. In latreilliids, in which the 
sternum is broadened, only the carinate and ser¬ 
rulate prominence on sternite 4 seems to be used. 
A significant result of our investigations is that 
the “homolid press-button" represents a synapo- 
morphy for the homoloids, supporting the inclu¬ 
sion of Homolidae, Latreilliidae and Poupiniidae 
in the same group, the Homoloidea. As a struc¬ 
ture, situated on the sternal plate, and as a 
mechanism, the “homolid press-button" is simi¬ 
lar to the typical press-button in eubrachyuran 
crabs which is always found on sternite 5, instead 
of sternite 4 as in homoloids. We agree with Perez 
(1928h, 1929) who concluded that Homolci can¬ 
not represent the passage between dromiids and 
true Brachyura, despite the fact that the socket 
occupies the same pleomere, the sixth, as in the 
Heterotremata-Thoracotremata assemblage. 
Similar to the Dromiacea, homolids and poupi¬ 
niids have deep sterno-coxal depressions inside 
which the P2 and P3 coxae may slide. For us, 
absence of sterno-coxal depressions in latreilliids, 
which present more advanced features (especially 
along with a wider sternum) than homolids and 
poupiniids, might be correlated with the fact that 
the pereiopods have no role in abdominal reten¬ 
tion. 

Superfamily Raninoidea de Haan, 1839 
The superfamily Raninoidea, which contains the 
single family Raninidae, or frog crabs, was subdi¬ 
vided into several subfamilies and assigned to the 
Podotremata (Guinot 1978a, 1979a, 1993b). 
The basal relationship of raninoids to the hetero- 
treme-thoracotreme assemblage, indicated by 
some morphological features, spermatological 
analysis ol Ratiina ranina (Linne, 1758) 
(Jamieson 1989) and molecular sequences 
(Spears et al. 1992), was partly refuted by the 


spermatozoal ultrastructure in two other raninoid 
taxa (Jamieson et al. 1994; Jamieson 1994). The 
distinctive morphology of the raninoids (elonga¬ 
te body, thoracic pleura largely exposed by reduc¬ 
tion of the branchiostegite, elongate and triangu¬ 
lar buccal frame, special respiratory apparatus, 
flattened propodi and dactyli of pereiopods) 
seems to reflect a high degree of specialization for 
burrowing, that has characterized the group 
throughout its long geologic history, since its 
appearance in the Early Albian. 

In raninids the sternal plate is narrow, sometimes 
linear, and lacks sterno-coxal depressions, while 
the abdominal segment 6 lacks appendagelike 
uropods (for the case of the Lyreidinae, see 
below), the abdomen is very short and only part¬ 
ly and loosely flexed (leaving exposed a large part 
of the thoracic sternum anteriorly), male pleo- 
pods are short, and the P2 through P5 coxae lie 
close together. 

Family Raninidae de Haan, 1839 
No retaining apparatus was observed in 
Raninidae except in the subfamily Lyreidinae 
Guinot, 1993. The extant members of this subfa¬ 
mily are distinguished in particular by an abdo¬ 
men that flexes segments 4-6 and entirely covers 
the thoracic sternite 6, and by the thoracic ster¬ 
num (Guinot 1993b: 1326, 1330, fig. 4). All of 
the examined representatives of the genera 
Lyreidus de Haan, 1839 and Lysirude Goeke, 
1986 have a pair of strong elongate projections 
from sternite 5 (“pterygoid processes” of Bourne 
1922) that firmly fits into a pair of deep sockets 
in the latero-posterior extended angles of abdo¬ 
minal segment 6 (Fig. 11). The base of the pro¬ 
jection starts at the level of the articular condylus 
of P2 on sternite 5. The tip of the projection, 
more or less strongly recurved and distally hook¬ 
shaped, bears an additional subdistal hook. The 
whole structure acts as a safety catch. The confi¬ 
guration may remain effective in ovigerous 
females, even with a large egg mass: the projec¬ 
tions are always present, but the hooks become 
more or less blunt. 

In Lyreidus brevifronsT. Sakai, 1937 (Fig. 11A, B) 
the apparatus is somewhat similar to that of 
L. tridentatus de Haan, 1841 (Guinot 1979a: 
128, pi. 22, figs 6, 7; 1993, figs 6, 7). In L. ste- 
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nops Wood-Mason, 1887, the projection also 
ends in two hooks, distal and subdistal, similar to 
those of L. brevifrons and L. tridentatus. A matu¬ 
re female, however, from the Philippines (36.4 x 
21.9 mm, Musorstom 1980, stn 71) identified by 
G. D. Goeke as L. stenops , was observed with two 
subdistal hooks in addition to the distal hooked- 
tip. 

In Lysirude , at least in L. channeri (Wood-Mason, 
1885), the sternal projection is shorter than in 
the examined Lyreidus species. It lies entirely on 
the sternal surface. In juvenile females and adult 
males of Lysirude channeri (Fig. 11C) the projec¬ 
tion is lifted up at the hooked tip and bears a sub¬ 
distal hook, giving an effective locking mecha¬ 
nism. In mature females (Fig. 11D) the projec¬ 
tion becomes entirely applied on the sternal sur¬ 
face and becomes gradually smooth (sometimes 
except for a small denticle) and more setose with 
size. The abdominal socket is obsolete or absent, 
and locking is no longer possible. 

Feldmann & Wilson (1988: 478) noticed that 
“the males, in mature Recent species of Lyreidus 
and Lysirude, possess straight bladed, raised 
flanges; whereas the female possesses notably 
reduced, outwardly curved projections". We 
observed that the locking apparatus is sexually 
dimorphic in Lysirude channeri, but not so clear¬ 
ly in Lyreidus species that were examined. The 
dimorphic state noted by T. Sakai (1937: 170) in 
Lyreidus tridentatus concerns abdominal seg¬ 
ment 5 and not the thoracic sternite 5 (see 
Feldmann & Wilson 1988). 

Discussion 

Only in Lyreidus and Lysirude is the abdomen 
situated between P3-P4, fixed against the ventral 
surface, and pleomere 6 bears a socket. The diffe¬ 
rentiation which ensures retention is located on 
sternite 5, as the prominence in certain advanced 
dynomenids (Figs 6D, 7D) and the typical press- 
button of eubrachyran crabs (see Figs 13-17, 
20-24). 

A complete re-examination of all the fossil rani- 
noids, which diversified in the Cretaceous and 
flourished in the Eocene, should enable further 
resolution of the abdominal holding apparatus, 
especially with the examination of the lyreidines. 
On the preserved sternal plate the piocesses ari¬ 


sing from sternite 5 and the presence of hooks 
must be checked in fossil crabs attributed to 
Lyreidus (/,. succedanus Collins et Rasmussen, 
1992, L. rosenkrantzi Collins et Rasmussen, 
1992, and L. bispinulatus Collins et Rasmussen, 
1992, all from Upper Cretaceous-Lower Tertiary 
from West Greenland). Rogeus orri Berglund et 
Feldmann, 1989, from Lower Middle Eocene of 
Oregon, distinctly shows a pair of projections: we 
wonder whether they played a similar role to that 
in extant Lyreidinae. The precise configuration of 
processes arising from sternite 5 would be noted in 
another fossil raninoid subfamily, the 
Palaeocorystinae Lorenthey in Lorenthey & 
Beurlen, 1929, especially in Notopocorystes McCoy, 
1849, the oldest known genus of the superfamily 
Raninoidea (Collins 1997). 

Superfamily Cyclodorippoidea Ortmann, 

1892 

We use this category for convenience to regroup 
the families, Cyclodorippidae, Cymonomidae 
and Phyllotymolinidae, despite possible paraphy- 
ly (M. Tavares pers. com.). As in Homoloidea 
and Raninoidea (and all Eubrachyura) pleo- 
meres 3-5 lack vestigial pleopods, and abdominal 
segment 6 lacks (dorsal or lobiform) uropods. A 
character shared by all Cyclodorippoidea is the 
wide sternal plate. For each pair of pereiopods the 
respective bases of the coxae are very far apart so 
that there is no contact between the margin of the 
abdomen and the bases of the legs. A very short 
and more or less excavated sterno-abdominal 
cavity is present, with its complete space occu¬ 
pied by stout pleopods. Complementary parts 
between the borders of both this cavity and the 
abdomen secure it in place. Additionally, a pecu¬ 
liar holding may occur, that is different in the 
families Cyclodorippidae and Phyllotymolinidae. 

Family Cyclodorippidae Ortmann, 1892 
A sterno-abdominal cavity, which is deeply hollo¬ 
wed but very short, is characteristic of the family 
since it occupies only the posterior part of the 
thoracic sternum (sternites 6-8). The short abdo¬ 
men, characterized by the presence of a long pleo- 
telson, is bent at right angles, its posterior half 
being applied against the sternal surface. In addi¬ 
tion, at the level of sternite 6, the lateral border of 
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the cavity is marked by a groove into which the FAMILY PHYLLOTYMOLINIDAE Tavares, 1998 
thin borders of the pleotelson can engage by There is a relatively shallow sterno-abdominal 
moving forward. It was named "sliding system" cavity, without well-defined borders. The abdo- 
(systeme a glissiere) by Tavares [(1994: 210; 1996, men is short, the telson only reaching somite 5. 
Fig. 9A-C, E; 1998: 116, figs 7A-C, 8 for The sternite 6 bears a pair of oblique promi- 
Clythrocerus nitidus (A. Milne Edwards, 1880)]. nences in Phyllotymolinum Tavares, 1993 and a 
There is a coaptation by engagement of the bor- pair of granular ridges in Genkaia Miyake et 
ders of both sternum and pleotelson, but without Takeda, 1970, structures with which the enlarged 
any sockets. base of the telson forms a block system, named 


Fig. 11. — Locking apparatus in Lyreidinae (Raninidae): A, B, Lyreidus brevifrons T. Sakai. 6 49.4 x 23.4 mm, New Caledonia 
(MNHN-B 24319): A, ventral surface with abdomen flexed in locking position; B. without abdomen; C, D, Lysirude channeri (Wood- 
Mason), Philippines (MNHN-B 11562); C, <S 25.5 x 17.4 mm; D, 9 33.7 x 20.5 mm: photographs with the scanning electron micro¬ 
scope to show the pairs of projections with hooks well developed in a male, blunt or lost in an old female. Abbreviations: a6, abdo¬ 
minal segment 6; cx2, cx3. coxae of P2, P3; g. ginglymus for articular condylus of P2: h. hook; pr, projection with hooks; t, telson; 
4, 5, sternites 4, 5. Scale bars: C. 100 pm; D, 1 mm. 
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systeme a butoir by Tavares (1994: 208, 209; 
1998: 116, fig. IB). 

Family Cymonomidae Bouvier, 1897 
There is only a shallow sterno-abdominal cavity, 
the sternites 6-8 being only slightly concave, and 
the abdomen is very short. No special structure 
for abdominal holding was observed (Tavares 
1994). As in the Cyclodorippidae, the abdomen 
is bent in its middle at right angles forming two 
sections. The posterior pleomeres thus remain 
completely applied against the sternum (M. 
Tavares pers. com.). It is reminescent of the cases 
of Hypoconcha arcuata and H. panamensis in 
which the abdomen is bent at right angles in the 
posterior part of segment 5 (Fig. ID). 

Discussion 

I'he two retaining systems found in the cyclodo- 
rippids (coaptation by engagement) and phyllo- 
tymolinids (block system) were one character 
used in the cladistic analysis by Tavares (1994) 
that allowed the erection of the Phyllotymo- 
linidae as a new family Oavares 1998). 

In contrast to all Podotremata previously mentio¬ 
ned, in the Cyclodorippoidea the sternal plate has 
acquired a “normal” width and is grooved by a 
true sterno-abdominal cavity: the coxae of the 
appendages cannot be involved in the retention, 
and sterno-coxal depressions are absent. In the 
Cyclodorippidae there is a coaptation by engage¬ 
ment, whereas in Phyllotymolinidae an innova¬ 
tion is the emergence of a pair of prominent ster¬ 
nal structures (on sternite 6, a very posterior ster- 
nite). In both cases no corresponding sockets 
exist on abdomen and it is only the telson which 
is involved by slipping along the sternal grooves 
(Cyclodorippidae) or by blocking at the sternal 
prominences (Phyllotymolinidae). 

SUPERI'AMILY DakOTICANCROIDEA Rathbun, 

1917 

Family Dakoticancridae Rathbun, 1917 
The exclusively fossil family Dakoticancridae, 
from the Cretaceous of North America, was 
confirmed as belonging in Podotremata because 
of the large spermathecal orifices accompanying 
the coxal female gonopores on P3 (Guinot 
1993b). I'he dakoticancrids have a very broad 


thoracic sternum, an abdomen without uropods 
(at least in dorsal view), and a well-excavated ster¬ 
no-abdominal cavity. On sternite 5, along the 
border of this cavity, a set of granules was obser¬ 
ved at the level of abdominal segment 6, but 
rather similar to that on the following sternites 
(ibid., figs 6, 8): their role in abdomen holding is 
questionable. 

HETEROTREMATA Guinot, 1977 

The Heterotremata and Thoracotremata share a 
sternal location of the female gonopores, with the 
innovation of the vulvae opening on sternite 6 in 
direct communication with the seminal recep¬ 
tacle. There is now only one female orifice for 
reproduction. Another strong synapomorphy of 
the heterotreme-thoracotreme assemblage is the 
morphology of the first male pleopod, which is 
completely closed and provided with two distinct 
basal foramina for the introduction of the penis 
and the second gonopod (Guinot 1979a: 239). 
The monophyly of the non-podotreme brachyu- 
rans is well supported. 

The Heterotremata generally show a coxal loca¬ 
tion of the male gonopores on the P5 coxae. But 
members of some families (in the Dorippidae, 
diverse Dorippinae and all Ethusinae, and mem¬ 
bers of the Leucosiidae and Goneplacidae) and 
certain advanced heterotreme families (Hymeno- 
somatidae, Pinnotheridae, Gryptochiridae) exhi¬ 
bit a coxo-sternal organization with the penis 
located in a sternal groove or potential channel, 
and embedded under the sternal plates 
(Guinot & Richer de Forges 1997). This requires 
providing a more precise definition of the 
Heterotremata, in contrast to the Thoraco- 


Fig. 12 . — Configuration of ventral surface in the Corystidae; 
A. B. Corystes cassivelaunus (Pennant): A, 6 35.2 x 24.6 mm, 
Bay of Biscay (MNHN-B 5381): buttons absent; B, 9 31 x 
24 mm. East Channel (MNHN-B 5385): vulvae not covered by 
abdomen; C. Nautilocorystes ocellatus (Gray), 6 39.5 x 34 mm, 
Cape of Good Hope (MNHN-B 3924S): buttons present (broken 
on one side) but far from pleomere 6; D, Gomeza bicornis Gray, 
6 26 x 21.3 mm. Moluccas (MNHN-B 17168): note the very 
short abdomen; E. Pseudocorystes sicarius (Poeppig), 6 50 x 
44 mm, Chile (MNHN-B 5407): vulvae not covered by abdomen. 
Abbreviations: a, abdomen; b, button of the press-button; g, G1; 
m.l., median line; s.s., sternal shield (sternites 1-3); t, telson; 
v, vulva; 4, 5, 6, 7, sternites 4-7. 
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tremata, which attempts a better distinction 
concerning the patterns for male ducts. 

Family Corystidaf. Samouelle, 1819 
In Corystes Bose, 1802, with a narrow, rather flat 
and horizontally metamerized thoracic sternum 
(Guinot 1979a: 81, 132, pi. 9, fig. 1), and in 
Pseudocorystes H. Milne Edwards, 1837 (Guinot 
1979a: 132, fig. 20B) the bottom of the sternal 
plate is longitudinally divided by the median line, 
which is complete from the sternites 4 through 7 
{Corystes, Fig. 12A, B), or interrupted {Pseudo¬ 
corystes, Fig. 12E). There is an undefined sterno- 
ahdominal cavity. The male abdomen is very 
short and has the two first pleomeres in a dorsal 
position; its pleomere 6 lies posteriorly and does 
not go beyond sternite 7. Retaining structures are 
absent in all specimens examined. Abdominal 
sexual dimorphism is weak. It is noteworthy that 
in these two genera the vulvae remain uncovered 
by the abdomen which is very short, even in 
females. Exposed vulvae (Fig. 12B, E) are rarely 
observed in brachyuran crabs (Guinot 1979a, 
pi. 25, figs 4-6). 

In Gomeza Gray, 1831 the sternal plate is very 
narrow, well metamerized and longitudinally 
grooved by the median line that extends from 
sternites 4 through 8, and the sterno-abdominal 
cavity occupies a posterior location, being excava¬ 
ted only on sternites 7 (partly) and 8. The abdo¬ 
men is very short. It is only a tuft of long and stiff 
setae from the small telson, which helps close the 
posterior part of the cavity and shelters the sexual 
pleopods. In G. bicornis Gray, 1831 (Fig. 12D) 
the abdomen is special, with the somites laterally 
expanded (as with pleural prolongations). At the 
level of somite 6, the lateral part bends vertically 
and closes the cavity on each side. Structures of 
the press-button type are absent. In females of 
Gomeza the abdomen remains very short and 
laterally expanded, there is no true sterno-abdo¬ 
minal cavity (only a lowering of the somites) and 
the vulvae cannot be covered by the telson, which 
lies far backwards. The egg mass is unprotected. 
The configuration in Jonas Jacquinot et Lucas, 
1853 is similar, with a relatively short abdomen. 
The long first pleopods, however, are exposed in 
grooves of the sternal plate, outside the sterno- 
abdominal cavity. Only a damaged male specimen 


of J. distincta (de Haan, 1835) was examined, and 
no locking structures were observed. 

Only two incomplete males (a subadult and an 
adult with a damaged abdomen) and a juvenile 
belonging to the genus Nautilocorystes H. Milne 
Edwards, 1837 (Guinot 1979a: 133, fig. 20C, 
pi. 23, fig. 5) were examined. Its general organi¬ 
zation (Fig. 12C) is similar to the preceding gene¬ 
ra: a sternal plate horizontally metamerized and 
longitudinally grooved, and an undefined sterno- 
ahdominal cavity. In comparison to Corystes , the 
abdomen is longer, bur the postero-lateral angles 
of pleomere 6 remain far from sternal suture 5/6. 
A pair of acute, reversed hooks is positioned at 
the base of sternite 5, very close to suture 5/6. No 
sockets on the pleomere 6 could be observed. 
There is such a large gap between the sternal 
hooks and any part of pleomere 6 that contact 
appears impossible. 

Family Atelecyclidaf. Ortmann, 1893 
Rice (1981a) suggested that the family Atelecy- 
clidae sensu Into was not a monophyletic group. 
Atelecyclus Leach, 1814 (Guinot 1979a: 136, pi. 9, 
figs 4, 5, pi. 23, fig. 9) has a very narrow and 
medially grooved sternal plate and a weakly hollo¬ 
wed sterno-abdominal cavity. Both parts of the 
press-button system are present and functional. In 
juveniles and adult males (up to about 46 X 
47 mm; fifteen specimens examined) of Atelecyclus 
rotundatus (Olivi, 1792) the developed tubercles 
and sockets form an effective locking mechanism. 
In the same sample that was examined from the 
Bay of Biscay, a male (35.4 X 36.8 mm; Fig. 13A) 
was found with the two complementary parts 
firmly assembled, thus an effective locking mecha¬ 
nism; and a slightly smaller male (33.9 X 
35.2 mm; Fig. 13B) was found without an effec¬ 
tive mechanism, the sockets in the postero-lateral 
angles of pleomere 6 reaching the suture 5/6 but 
not the buttons. It looks as if the abdomen is too 
short in this “abnormal” male. 

In Peltarion Jacquinot, 1847, about fifty indivi¬ 
duals of P. spinulosum (White, 1843) were exami¬ 
ned. The sterno-abdominal cavity is excavated, 
and the two parts of the apparatus are well-diffe¬ 
rentiated. There is a pair of sternal tubercles very 
close to suture 5/6; sockets are defined on the 
produced latero-posterior angles of abdominal 
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Fig. 13. — Locking apparatus in the Atelecyclidae; A. B, Atelecyclus rotundatus (Olivi), Bay of Biscay (MNHN-B 5400): A, 6 34 x 
35.5 mm: buttons fitting into sockets: B. 6 33.9 x 35.2 mm: buttons not fitting into sockets: C, Telmessus cheiragonus (Tilesius), 9 
35 x 46 mm, Japan (MNHN-B 5408): vulvae not covered by abdomen; note the notch on the edge of pleomere 6; D. Trachycarcinus 
alcocki (Doflein), d 70.3 x 65.2 mm, Philippines (MNHN-B 11571): note the bulge on the side of large cheliped and the right button 
(at left) not fitting into socket. Abbreviations: a6, abdominal segment 6; b. button of the press-button: cxI, coxae of PI; s.s., sternal 
shield (sternites 1-3); t, telson; v, vulva; 4. 5. 6. 7. 8. sternites 4-8. 
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segment 6, not very deep, however. Locking is 
possible but it does not seem very efficient, des¬ 
pite the acuteness of the buttons. In certain 
males, either small (26.3 X 26.2 mm) or much 
larger (53.9 X 56.5 mm and 54.8 X 57 mm), 
there is a small gap between the pair of sternal 
tubercles and the strongly produced postero-late- 
ral angles of pleomere 6, that is enough to pre¬ 
vent proper fastening. The two components of 
the locking system are not lost in larger indivi¬ 
duals, even if apparently not used. The figure 
(Fig. 14A) shows a large male individual (54 x 
57 mm; cl indicated by error as 52.6 mm in 
Guinot 1979a: 135, fig. 20D) in which no close 
connection between the two parts of the appara¬ 
tus was observed. The size at which the two parts 
do not attach to each other is variable. In females, 
the coincidence between the two sternal and 
abdominal parts exists in some individuals, but 
the sockets do not seem to be defined. In females 
from about 32 x 32 mm up, the buttons tend to 
become smaller and disappear. The material in 
the MNHN identified as P. spinulosum shows a 
strong variability, notably concerning the areola- 
tion and granulation of the dorsal surface of cara¬ 
pace and the spinulation of pereiopods. It would 
be interesting to verify whether the differences 
observed in the liaison between the two parts of 
the locking system might be related to other mor¬ 
phological features. It is noteworthy that 
Peltarion displays various patterns, in particular a 
non-correspondence even in young males, or an 
asymmetry illustrated by a larger gap between the 
two structures on the major cheliped side (a male 
41.7x43.8 mm). 

In Trachycarcinus Faxon, 1893, in which one of 
the chelipeds becomes very large, the pair of 
tubercles is situated in the middle of sternite 5 
and the two components of the apparatus func¬ 
tion well. But in two large specimens of T. alcoc- 
ki (Doflein, 1903) (Fig. 13D) and of T. crosnieri 
Guinot, 1986, a non-correspondence was obser¬ 
ved on the major cheliped side. The connection 
only operates on the minor cheliped side. This 
asymmetry can be explained by the increased 
development of Pi muscles, which induces a 
“bulge” of sternite 4 and modifies the general 
organization of the anterior part of plastron, thus 
displacing the tubercle on the side in question. 


Family Cheirac.onidae Ortmann, 1893 
(= Telmessinae Guinot, 1977) 

A familial rank is provisionally given here to this 
small group, traditionally assigned to the 
Atelecyclinae within the family Atelecyclidae, 
awaiting a revision of all Corystoidea (Balss 1957: 
1635; Guinot 1978a: 259; 1979a: 136, pi. 25, 
figs 1-3; 1989: 349; Rice 1981a: 293; Stevcic 
1990: 33; Sasaki & Mihara 1993: 511). The 
adult and zoeal features of Erimacrus Benedict, 
1892 and Telmessus White, 1846 do not obvious¬ 
ly ally them with any known group. 

In both Erimacrus and Telmessus , there is a relati¬ 
vely narrow sternal plate, horizontally metameri- 
zed and longitudinally grooved by the medial 
line, with the buttons (very close to suture 5/6) 
fitting well into marked sockets. In T. cbeiragonus 
(Tilesius, 1812) the large females (for example 
35 x 43 mm), with developed pleopods, always 
have acute buttons corresponding with sockets 
that remain visible but are partially masked by 
setae. Most curious is the position of the very 
wide vulvae lying laterally on the exposed parts of 
sternite 6, close to the P3 coxae, and appearing 
even more exposed because of the strong notch 
on the external margin of pleomere 6 (Fig. 13C). 

Family Thiidae Dana, 1852 
The small genus Thia Leach, 1815 (for ontoge¬ 
netic considerations, see Ingle 1984) is characte¬ 
rized by a very narrow, transversally metamerized 
and longitudinally grooved sternal plate, with a 
particularly long sternite 4, and by an abdomen 
that fills the whole space between the legs from 
P3 through P5, with the telson lying only in a 
small depression on sternite 5. There is a pair of 
prominences, with an acute tip, close by sutu¬ 
re 5/6. The sockets are shallow but they seem to 
be effective (Guinot 1979a: 83, 135, 136, 
fig. 20A). 

Family Cancridae Latreille, 1803 
The thoracic sternum is not very enlarged in 
Cancer Linne, 1758. All the sutures of the ster¬ 
num are continuous and parallel, the median line 
extends until the middle of somite 4, and there is 
a sterno-abdominal caviry. The button is relative¬ 
ly small but acute, and the socket is deeply 
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Fig. 14. — Locking apparatus in Atelecyclidae (A. Peltarion Jacquinot) and Belliidae (B. C, Bellia H. Milne Edwards); A, Peltarion spi- 
nulosum (White), 6 54 x 57 mm. Cape Horn (MNHN-B 5405): the two parts of the locking apparatus are not in correspondence, but 
sternal buttons and sockets are present (After Guinot 1979a, fig. 20C, specimen indicated as cl 52.6 mm); B. C, Bellia picta H. Milne 
Edwards; B, d 50.5 x 45.5 mm, holotype, Peru (MNHN-B 1): thoracic sternum and abdomen, without coincidence between the but¬ 
tons and the sixth abdominal segment; C, 9 29 x 25.4 mm, “Tahiti" (erroneous origin) (MNHN-B 2): note in this young female the 
coincidence between the buttons and the sixth abdominal segment, and buttons located close to the exposed vulvae. Abbreviations: 
a6, abdominal segment 6; b, button; s.a., sterno-abdominal cavity; t. telson; v. vulva; 1-6. sternites 1 through 6; 3/4, 4/5, 5/6, sternal 
sutures 3/4, 4/5 and 5/6. The parts located under abdomen are drawn with a continuous line. Setae were not figured. 
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hollowed and lined by a thick ridge on the poste- 
ro-lateral angles of pleomere 6. 

Family Belliidae Dana, 1852 
In the burrowing Beilin H. Milne Edwards, 1848 
(Guinot 1976: 48, figs 10B, 11 A; 1979a: 134), 
there is a relatively weak sterno-abdominal cavity. 
The large holotype of Bellia picta H. Milne 
Edwards, 1848 (male 50.5 X 45.5 mm) 
(Fig. 14B) bears a pair of small prominences at 
the posterior part of the sternite near suture 5/6; 
they cannot be reached, however, by the well- 
defined sockets of pleomere 6, which lie poste¬ 
riorly. This would have seemed an aberrant indi¬ 
vidual but Rathbun (1930: 175, pi. 79, fig. 3) 
figured the same configuration in a smaller male 
(cl 28.5; estimated cw 25.3 mm, USNM 22066) 
in which, there was also no coincidence between 
the parts, the abdomen looking “too short ”. In 
another respect, B. picta exhibits a special confi¬ 
guration in females. The vulvae are completely 
(only partly in small individuals) uncovered by 
the abdomen and remain exposed on sternite 6, 
lateral to pleomere 6. In two females (24.8 x 
22.3 mm and 29 X 25.4 mm; Fig. 14C) the liai¬ 
son is normal. But in a large ovigerous female 
(39.5 X 36 mm) the prominence is replaced with 
a scar close to the large vulva and the fitting is no 
more effective (Guinot 1979a, fig. 39A-C). It is 
noteworthy that the structures lock into each 
other in a female of cw 22.3 mm but not in a 
male of cw 25.3 mm, but this can be explained by 
the markedly short male abdomen in Bellia picta 
(Fig. 14B, C). 

In the other genera of the family Belliidae, 
Corystoides Lucas, 1844, Acanthocyclus Lucas, 
1844 and Heterozius A. Milne Edwards, 1867, 
the few examined specimens show a “normal ” 
configuration as well in the locking apparatus as 
in the location of vulvae (Guinot 1976: 50-55, 
figs 10A, C, D, IIB-D; 1979a: 134). 

Family Orithyiidae Dana, 1852 
Orithyia Fabricius, 1798, monospecific with 
O. sinica (Linne, 1771), was separated from the 
family Calappidae by Ortmann (1892: 555, 559), 
who was the first author to suggest a familial sta¬ 
tus for Orithyiidae within the Calappinea. Alcock 


(1896: 138) subdivided the Calappinae in two 
alliances, Calappoida and Orithyioida. Ihle 
(1918: 178) recognized the relationships linking 
Orithyia to the Dorippidae (better than to the 
Calappidae). On the basis of the larval stages des¬ 
cribed by Hong (1976), Rice (1980: 317; 1981a: 
293) indicated the presence of a combination of 
characters unknown in any other identified larvae, 
although showing some similarities with dorip- 
pids, but perhaps “of little significance”. For a 
long time, most carcinologists considered the sub¬ 
family Orithyiinae as a component of the 
Calappidae inside the ancient Oxystomata (Balss 
1957: 1611;T. Sakai 1976: 127, 143; Dai & Yang 
1991: 101, 113). A separate family, Orithyiidae, 
distinguished from the Calappidae, was resurrec¬ 
ted by Guinot (1978a: 254). Bellwood (1996: 
185, fig. 4) defined a clade Dorippe + Orithyiinae 
supported by nine synapomorphies and placed 
the family inside the Dorippoidea, but many cha¬ 
racters, such as those of the abdomen and the vul¬ 
vae, were not taken into account. 

The peculiar configuration of Orithyia was descri¬ 
bed by Guinot (1979a: 133, pi. 14, figs 7-9) des¬ 
pite poor and incomplete material. It is now pos¬ 
sible to document this with additional specimens. 
The thoracic sternum is very wide and circular, 
with all the sutures interrupted and the presence 
of a medial line on sternites 7 and 8; a large part 
of sternite 8 is exposed. There is a long sterno- 
abdominal cavity, its smooth surface contrasting 
with the granular remainder of the plate. The first 
two abdominal segments are gathered together 
between the strong coxae of the suhdorsal P5, and 
pleomere 1 does not seem to he movable. In 
males, the abdomen is very short and fills only the 
middle of the sterno-abdominal cavity, its tip not 
reaching the suture 6/7, and the pleomere 6 lies 
very far from sternite 5. Neither buttons nor soc¬ 
kets were observed in our large-sized males 
(Fig. 15A), the short first pleopods of which can 
be completely sheltered by the abdomen. This 
observation needs to be verified in young males. 
In females (Fig. 15B), the abdomen is longer and 
fills a slightly larger part of the sterno-abdominal 
cavity, and vulvae are completely external on ster¬ 
nite 6. They remain exposed not because of the 
abdomen’s shortness but because of their lateral 
location on the plate, outside the cavity. 
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Fig. 15. — Configuration of the ventral surface in Orithyiidae and Dorippidae; A. B, Orithyia sinica (Linne); A, 6 83.6 x 73.6 mm, 
China Sea (MNHN-B 11612): sterno-abdominal cavity and very short abdomen; B, 9 64 x 60 mm, without origin (MNHN-B 93S): vul- 
vae not covered by abdomen: C, D, Medorippe lanata (Linne), 6 26.3 x 32.1 mm. Morocco (MNHN-B 19861): C, without abdomen; 
D, with abdomen in a flexed position. Abbreviations: a6. abdominal segment 6; b. button of the press-button; pi, pleopod; s.a., ster¬ 
no-abdominal cavity; t, telson; v. vulva: 5/6, sternal suture 5/6; 4. 5, 6, 7, 8. sternites 4-8. 


Family Dorippidae Macleay, 1838 

Subfamily Dorippinae Macleay, 1838 
These Heterotremata are characterized by the last 
two pairs of legs being dorsal, reduced and pre¬ 
hensile, which allows carrying behaviour (Guinot 
et al. 1995). The sternal plate is very wide, espe¬ 
cially at the level of somite 5, all sutures are inter¬ 
rupted, the sterno-abdominal cavity is rather 


deep, and the abdomen does not reach sutu¬ 
re 4/5. The first two pleomeres are dorsal and 
clasped between the P4-P5 coxae. A typical press- 
button is present (Guinot 1979a, fig. 28), but 
strangely the prominence appears in a concavity 
of the sternal suture 5/6 (Figs 15C, D, 16A, B). 
In the numerous genera attributed to the subfa¬ 
mily (Holthuis & Manning 1990, figs 21h, i, 
37c, 4lb, c, 43h, i, 45h, i, 50h, i, 55i, 56i-k), it 
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looks as if in both sexes, this suture is sufficiently 
curved backwards to include the nodules, which 
face the sockets in the postero-lateral angles of 
abdominal segment 6. The extremely acute pro¬ 
minences and the deep sockets provide an effi¬ 
cient locking mechanism. We consider the 
unique course of the sternal suture 5/6 as a syna- 
pomorphy of the subfamily Dorippinae (not in 
the Ethusinae, see below). 

Guinot (1979a: 139, pi. 25, figs 8, 9) observed in 
Medorippe lanata (Linne, 1767) the persistence of 
acute buttons and defined sockets in post- 
pubertal and even ovigerous females, wondering 
whether the mechanism continues to be functio¬ 
nal. In dorippine females (Fig. 16A) the srerno- 
abdominal cavity is peculiar. The abdomen, 
which partly remains in the prolongation of the 
carapace, does not lie in an excavation on the 


sternal plate but occupies a posterior location 
against the almost vertical sternites 7 and 8. In 
consequence, the components of the holding sys¬ 
tem (at the level where the pleomere 6 faces the 
curve of the sternal suture 5/6, a curve present in 
females as in the males) are not affected by the 
broadening of the different structures and the 
modifications which occur on the posterior 
region after the puberty moult in females. The 
vulvae lie very close to the locking prominences. 
Perhaps only the thickness of the egg mass and 
the long pleopodal setae prevent locking. In an 
ovigerous female of Neodorippe aff. callidn 
(Fabricius, 1798), from Australia, a firm closing 
was found using efficient buttons and sockets. 
The reexamination of all the dorippine species 
and observations of live animals are needed. 




Fig. 16. — Locking apparatus in Dorippidae; Medorippe lanata (Linne). Dahomey (MNHN-B 20528); A. 9 22.6 x 30.5 mm: B. 6 
19.1 x 23.3 mm, both with an effective apparatus. Abbreviations: b. button; so. socket: s.a., sterno-abdominal cavity; v, vulva; 3/4, 
4/5. 5/6. sternal sutures 3/4, 4/5 and 5/6. Triangle shows the curve of the sternal suture 5/6 where the button is located. Setae were 
not figured. Scale bars: 1 cm. 


650 


ZOOSYSTEMA • 1998 -20(4) 



Abdominal holding systems (Brachyura) 


Subfamily Ethusinae Guinot, 1977 
The ethusine subfamily differs in having the ster¬ 
nal suture 5/6 normally directed, without the 
curve seen in -the dorippines. In Ethusa Roux, 
1830 there is a strong prominence. In Ethusina 
Smith, 1884 males of all the species that were 
examined show a longitudinally elongated pro¬ 
minence, with a wide basis, resulting in a good 
locking with the large sockets. In mature females, 
with a cavity normally hollowed along the 
somites, both components of the apparatus are 
well-developed and permit effective locking. 

Discussion 

The distinct course of the sternal suture 5/6 with 
the locking prominence positioned inside a notch 
is an exclusive dorippine character, that allows a 
separation into the subfamilies Dorippinae and 
Ethusinae. In other respects, the persistence of 
the system in ovigerous females constitutes a 
synapomorphy of dorippids and ethusids, i.e. the 
family Dorippidae. 

Family Retroplumidae Gill, 1894 
This small family, with two extant genera, was 
placed in the catometopous crabs despite the 
male gonopores opening on a tubercle at the base 
of P5 (Alcock 1899: 78, 79, Ptenoplacidae). The 
group, sometimes placed near the Palicidae (Balss 
1957: 1662), was transferred to Dorippoidea 
with much reservation (Guinot 1978a: 151), 
then raised to suprafamilial level, without any 
connections with other brachyuran families (de 
Saint Laurent 1989). Several retroplumid fossils 
are known, which were assigned to Ocypodoidea 
(Glaessner 1960; Via Boada 1982) and/or in the 
Thoracotremata (Collins et al. 1994; Vega & 
Feldmann 1992). 

Guinot (1979a: 148, fig. 30C, F), who observed 
only one female of a Retropluma species, indicated 
the peculiar locking apparatus of the family and 
emphasized that it was effective even in mature 
females. The fact that the retroplumid females 
retain a functional and very efficient mechanism, 
even in mature stages, was discussed {ibid.: 157). 
In the revision by de Saint Laurent (1989), who 
had at her disposal abundant material and establi¬ 
shed a new genus and several new species, a typical 
press-button was attributed to the retroplumids. 


In both sexes the abdominal margins are coapta- 
ted with those of the sterno-abdominal cavity, the 
respective parts of each complementing each 
other. The external margin of pleomere 6 distally 
bears a characteristic lateral expansion, which is 
more or less pointed, and its edge immediately 
underneath is distinctly hollowed. Both abdomi¬ 
nal parts (expansion + depression) perfectly fit 
into complementary parts (depressed and salient) 
at the margins of the sterno-abdominal cavity. A 
transverse ridge in the middle of sternite 5 ends 
in a thickened and sometimes granular promi¬ 
nence at the cavity’s border. The lateral expansion 
of pleomere 6 fits into the depression in front of 
the prominence, which blocks the abdomen. This 
results in a strict adjustment and immobility of 
the abdomen, posterior to the telson. 

In Retropluma serenei de Saint Laurent, 1989 
there is a high and granular prominence, which is 
more developed in females than in males. In 
Bathypluma spinifer de Saint Laurent, 1989, in 
addition to the prominence, there is, near 
suture 4/5, a rounded nodule which is specially 
developed in females (Fig. 17C). The fact that 
this “button” is less marked in males (Fig. 17A, 
B) than in females, which are weakly dimorphic, 
is a unique adaptation among retroplumids. 

The special structures shown by retroplumids 
deserve to be extensively studied. The fossil repre¬ 
sentatives of the family are similar to extant retro¬ 
plumids. For example, the Upper Cretaceous 
Costapluma concava Collins et Morris (1975, 
pi. 97, figs 4, 8), the late Cretaceous C. Salaman¬ 
ca Feldmann et al. (1997, fig. 3), and the 
Paleocene C. nordestina Feldmann et Martins- 
Neto (1995, fig. 3), which have their ventral sur¬ 
face preserved, show an abdomen embedded in a 
deep abdominal cavity which is excavated on the 
wide sternal plate, and a pleomere 6 with angles 
laterally expanded in a notch of sternite 4 near 
suture 4/5. It is obvious that the retention was 
efficient indeed. 

Family Palicidae Rathbun, 1898 
(= CYMOPOLIIDAE Faxon, 1895) 

The peculiar characters of the family, summari¬ 
zed by Guinot (1978a: 249; 1979a: 111, 
figs 30G, 31, pi. 19, fig. 5, pi. 24, fig. 9), indica¬ 
ted that, despite a male genital orifice opening in 
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Fig. 17. — Locking apparatus in Retroplumidae, Palicidae and Hexapodidae: A-C, Bathypluma spinifer de Saint Laurent, Philippines 
(MNHN-B 7017); A, B. <S 12.4 x 15.6 mm: thoracic sternum with and without abdomen; C, 9 11.9 x 14.9 mm: thoracic sternum without 
abdomen; D. Palicus caronii (P. Roux), 6 6 x 7 mm, Atlantic, "Le Talisman" (MNHN-B 16335): ventral surface of abdomen; E, 
Hexapus sexpes (Fabricius), 9 10.6 x 18 mm, Persian Gulf (MNHN-B 10209): thoracic sternum without abdomen; note the persis¬ 
tent buttons. Abbreviations: a, abdomen; a6, abdominal segment 6; b, button of the press-button; so, socket; s.a., sterno-abdominal 
cavity; t, telson; v, vulva; 4, 5, 6, sternites 4-6. 
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and Crossotonotinae Moosa & Serene, 1981, and 
creating four new genera and six new species, 
Moosa & Serene (1981) did not elucidate their 


a sternal position, it is an advanced heterotreme, 
with a coxo-sternal organization. When establi¬ 
shing two subfamilies, Palicinae Rathbun, 1898 
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status. The phylogenetic relationships between 
palicids and dorippids remains questionable. 
Nine palicine and crossotonotine species were 
examined. In the type species Palicus caronii 
(P. Roux, 1830) the sternite 5, located very ante¬ 
riorly, bears a strong prominence just below the 
level of suture 4/5. The corresponding socket 
(Fig. 17D) is deeply hollowed along the external 
margin of pleomere 6, but in the whole anterior 
part of the segment instead of the usual postero¬ 
lateral angle. The prominence remains as a non¬ 
functional corneous scar in ovigerous females. 

Family Leucosiidae Samouelle, 1819 
Many leucosiids are typical heterotremes, having 
the male gonopore opening on the condylus of 
the P5 coxa, which is the plesiomorphic condi¬ 
tion. Some advanced representatives, however, 
show sternal male gonopores (Guinot 1979a: 15, 
figs 45A-C, 55B-D; Guinot & Richer de Forges 
1997: 478). (See Fig. 19C, male gonopore in a 
coxo-sternal position). 

The sternal plate of leucosiids is rather wide and 
all the sutures are discontinuous. The well- 
defined episternites do not cover the condyli of 
P1-P4 in primitive genera such as Ipbiculus 
Alcock, 1896 and Pariphictilus Adams et White, 
1848, but in advanced forms such as Leucosia 
Weber, 1795 or Philyra Leach, 1817, the condyli 
of all pereiopods are covered. The sterno-abdo- 
minal cavity is very deep and often elongate as far 
as the bases of Mxp3, and the anterior segments 
of the abdomen are gathered between the P5 
coxae. The first abdominal segments, instead 
remaining dorsal as in many eubrachyurans 
crabs, are completely folded under the body, the 
first pleomere being covered by the posterior 
margin of carapace. 

There are several ways to allow the pleon’s base to 
be firmly grasped. These involve a connection 
between the sternal plate, pleomere 1 and the 
carapace; the transverse elongation of pleo- 
mere(s) 1 and/or 2; the development of a dorsal- 
ly visible expansion of sternite 8, which sur¬ 
rounds the condylus of P5, and, additionally (as 
in Philyra ), a depression inside the sterno-abdo- 
minal cavity at the surface of sternite 8, which 
receives the anterior part of pleomere 3. The 
pleopods themselves are coaptated with the bot¬ 


tom and margins of the sterno-abdominal cavity 
and with the abdomen (Fig. 19D). A perfect 
coaptation exists in Leucosia where, in addition, 
the Gl is situated in such a manner that it pro¬ 
vides a place for the sternal locking structure. 
Both male and female leucosiids are often found 
with the abdominal margins so closely fixed to 
the sternal plate that the abdomen is broken 
when lifted. Ovigerous females are known to 
have a brood chamber, sometimes closed like a 
box, because its margins are completely knitted 
to the edge of the sterno-abdominal cavity. 
Guinot (1979a: 145-148) recognized two main 
types of abdominal retaining among leucosiids. In 
the two primitive genera Ipbiculus and Pariphi- 
culus, which have been recently re-examined, nei¬ 
ther prominences nor sockets are present, and the 
highly movable telson sinks into the bottom of the 
cavity. In Randallia Stimpson, 1857 (Fig. 18) and 
Ilia Leach, 1817 (Fig. 19A) the sterno-abdominal 
cavity is very deep and markedly tapering, with its 
sides fitting the thick and sinuous edges of the 
abdomen. There is a mixture of coaptations by jux- 



FiG. 18.— Abdomen in Leucosiidae (Phylirinae). Randallia villo- 
sa Chen, holotype, 6 : segments 3 through 6 plus telson. (After 
Chen 1989. fig. lid). 
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taposition and by engagement, which characterizes 
the subfamilies Ebaliinae Stimpson, 1871, Crypto- 
cneminae Stimpson, 1858, and part of the 
Philyrinae Rathbun, 1937. 

In the subfamily Leucosiinae, Leucosia [the type 
species L. craniolaris (Linne, 1758) was not avai¬ 
lable] shows a particular configuration, with a 
sort of spur that projects inside the sterno-abdo- 
minal cavity, at the level of sternal suture 4/5. In 
L. anaturn (Herbst, 1783) and L. unidentata de 
Haan, 1841 for example, the spur enters in a 
large notch excavated in the thick edge of the 
abdominal margin, and the abdomen becomes 
completely included in the smooth sternal sur¬ 
face (Fig. 19B-D). The endophragmal skeleton of 
Leucosia shows, at the level of endosternite 4/5, a 
pair of apophyses, that exactly corresponds to the 
pair of spurs (Fig. 19E). In addition to the spur 
of sternite 5, species of Leucosia show different 
developments of sternites 6 and 7 along the sterno- 
abdominal cavity, to which correspond comple¬ 
mentary curves on the abdomen margins 
(Fig. 19B). The Leucosia species display a more or 
less acute spur on sternite 5. 

A similar configuration is seen in the species exa¬ 
mined of Philyra Leach, 1817, with various 
expansions of sternites 6 and 7. In P laevidorsalis 
Micrs, 1881, in which the spur of sternite 5 is not 
well developed, the sternite 6 protudes into a cor¬ 
responding notch on the abdominal margin. In 
P. pisum de Haan, 1841 there are two granular 
profusions on sternites 5 and 6. In Randallia vil- 
losa Chen, 1989 the border of the sterno-abdo- 
minal cavity bears several protrusions with diffe¬ 
rent notches in the edge of the abdomen, parti¬ 
cularly a circular one at the junction of pleo- 
meres 5 and 6 (Fig. 18). In all of its characters 
(carapace, pleopods) R. villosa obviously does not 
belong to the genus Randallia , a fact confirmed 
by the special configuration of the sterno-abdo- 
minal margin. A re-evaluation of all leucosiid 
members is needed. 

Discussion 

On the basis of Leucosia ocellata Bell, 1855, 
Bellwood (1996: 176, 191) indicated the absence 
of “cohesion nodules” in leucosiids and recorded 
these as absent in her matrix. It is clear, on the 
one hand, that in Leucosia the abdomen is not 


locked by a typical press-button, which supports 
the special category established by Guinot 
(1979a: 146) for the leucosiine spur. On the 
other hand, despite the presence of a hollow that, 
like the usual socket, (partly) belongs to pleome- 
re 6, there is no true socket but only a notch at 
the junction of pleomeres 5 and 6. Endo¬ 
phragmal invaginations similar to the apophyses 
of the endosternite 4/5 observed in Leucosia were 
never found in relation to the buttons of the typi¬ 
cal press-button. 

Few brachyuran crabs exhibit, as in leucosiids, 
such a uniquely attached abdomen, joined with 
the rest of the sternal plate in such a way that the 
abdomen is broken when one attempts to lift it 
(Fig. 19B). Pinnotherids also show stages in 
which the abdomen is fused with adjacent zones 
of thoracic sternites (see below). 

Both the sternal spur and abdominal notch are 
visible externally at the junction between the long 
pleomere 6 and the preceding segment. A charac¬ 
teristic of the locking mechanism in Leucosia is 
that the sternal part involved can be visible exter¬ 
nally, in contrast to the typical press-button 
where the sternal part is covered by the folded 
abdomen and normally not seen. Such a structu¬ 
re may be easily recognized in fossils for the iden¬ 
tification of Leucosia and allied genera. For 
example, the well preserved Ncogcne leucosiids 
studied by Morris & Collins (1991, figs 17b, 18, 
24b) show the presence of a spur in a Leucosia 
species, and its absence in two Iphiculus species. 

Family Pinnotheridae de Haan, 1833 
The sternal plate is more or less wide, with all 
sutures discontinuous, and the sterno-abdominal 
cavity is deeply hollowed. The male sexual orifice 
of pea crabs, which opens on the sternum, has 
generally led to their assignment to the catome- 
topous crabs. Rice (1980: 315) regarded the 
Pinnotheridae (with the Leucosiidae) as “the 
most advanced catometopous families”. But this 
male configuration was reconsidered as coxo-ster- 
nal and, consequently, the family Pinnotheridae 
was transfered to the Heterotremata, instead of 
Thoracotremata (Guinot & Richer de Forges 
1997). 

It is difficult to determine the morphological cha¬ 
racteristics of the apparatus in pinnotherids 
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because of the rareness of males and the weak- belonging to Ostracotheres tridacnae (Riippell, 
ness, loss or absence of specialized structures in 1830) and Pinnotheres pisum (Linne, 1758), a 
soft individuals. In hard-shelled individuals double locking mechanism has been observed: a 



Fig. 19. — Leucosiidae (A. Ebaliinae; B-E. Leucosiinae). without a typical abdominal locking apparatus; A, Ilia nucleus (Linne), 8 
27 x 26 mm, Mytilene, Port Vera (MNHN-B 19975); B. C, Leucosia sp. (identified as L. unidentala de Haan), 8 29 x 27 mm, in the 
vicinity of Tokyo (MNHN-B 16965); thoracic sternum with and without abdomen; D: ventral surface of abdomen; E, Leucosia sp. (iden¬ 
tified L. longilrons de Haan), 8 21 x 20 mm, New Caledonia (MNHN-B 17525): endophragmal skeleton, with the pair of endosternal 
apophyses. Abbreviations: a5, a6, abdominal segments 5, 6; ap. endosternal apophysis: g. Gl; n, notch; p, penis (male gonopore in 
a coxo-sternal position): s.a., sterno-abdominal cavity; sp, spur; t, telson; 4. 5. 6, 7, sternites 4-7. 
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large knob on sternite 5 and a smaller one on 
sternite 6 (Guinot 1979a: 148, fig. 24D, pi. 24, 
figs 7, 8). Only one prominence on the lone ster¬ 
nite 5 was seen in Pinnixa transversalis (H. Milne 
Edwards et Lucas, 1843). In Pinnotheres pisurn, 
Atkins (1926: 476, figs 1,2) indicated one pair of 
prominences and sockets in a hard male stage, 
and also in young females which are almost indis¬ 
tinguishable from males. 

Stauber (1943: 274, 277, 278, 280, figs 15, 16) 
studied living individuals of Zaops ostreum (Say, 
1817) (as Pinnotheres ostreum, cf. Manning 
1993a: 528; 1993b: 127), which is symbiotic 
with the oyster Crassostrea virginica (Gmelin), 
and recognized several distinct stages between the 
invasive crab stage and the adult. In a hard male 
stage (mean cw 2.13 mm) two pairs of knobs 
were present on thoracomeres 5 and 6 (shallower 
and smaller on the sixth) to which corresponded 
two pairs of shelf-like projections on pleomeres 6 
and 5, “making a close-fitting efficient locking 
mechanism”. In the first female stage (mean cw 
1.83 mm), which invades the oyster, only the sets 
on thoracomere 5 and on pleomere 6 were pre¬ 
sent. During these masculine and feminine 
stages, it was impossible to lift the abdomen 
without injuring it. The same set occurred in the 
second female stage, but the mechanism was wea¬ 
kened by the thinner exoskeleton. For that stage 
and for the subsequent feminine stages (the last 
being the mature female), which had a very wide 
abdomen and no knobs, Stauber concluded that 
it was an adaptation to living within the mantle 
cavity of the host. In a masculine second stage 
(cw 2-4.8 mm), with a soft body, two pairs of 
sternal knobs and only one pair of abdominal 
structures on pleomere 6 were present, so that the 
abdomen was easily lifted from the sternum even 
in living crabs [ibid.: 280). Christensen & 
McDermott (1958), who re-investigated the bio¬ 
logy of Zaops ostreum with new information and 
new terminology, and Christensen (1959) for 
Pinnotheres pisum , did not mention the presence 
or role of locking structures. 

It is obvious that the locking system of pinnothe- 
rids varies during their life history. There is no 
information available to determine whether the 
remaining pinnotherid genera follow the same 
pattern as Zaops ostreum. 


The prominence and socket (Fig. 26A, B) of a 
hard male of P. pisum were observed with the 
scanning electron microscope. 

Family Calappidak de Haan, 1833 
The sternal plate is relatively narrow but 
sutures 4/5 and 5/6 are discontinuous, being 
separated by a very small gap; the well-defined 
epsiternites cover condyli of P2-P4. The abdo¬ 
men is rather long and lodged in a well-excavated 
cavity. There is a typical press-button, with pro¬ 
minences (appearing granulous under the bino¬ 
cular) close to sternal suture 4/5 (Guinot 1979a, 
pi. 14, figs 1, 2). Bellwood (1996: 176, fig. 2A) 
indicated some nodules located immediately 
behind the sternal suture 4/5 in the calappids 
that were examined. 

Family Matutidak Macleay, 1838 
The thoracic sternum is slightly enlarged, only the 
suture 4/5 is discontinuous and the sterno-abdo- 
minal cavity occupies a very small part of 
sternite 4. There is a typical press-button, with 
prominences not very far from the sternal sutu¬ 
re 5/6 (Guinot 1979a, pi. 14, figs 4, 5). Bellwood 
(1996: 176, fig. 2C) indicated that the nodules 
were immediately located above the sternal 
suture 5/6 in the Matutidae that were examined. 

Families Aethridae Dana, 1852 emend, and 
Hepa'LIDAE Stimpson, 1871 
Guinot (1966-1967) rehabilitated the ancient 
Hepatinae Stimpson, 1871 (see also Ortmann 
1892: 556, 569). The genus Hepatus Latreille, 

1802, generally placed near Calappa Weber, 1795 
and Matuta Weber, 1795 (Rathbun 1937: 234; 
Balss 1957: 1611-1612), was separated. The pro¬ 
visional designation Parthenoxystomata was used 
by Guinot to include, in addition to Hepatus , 
some allied genera that were previously classified 
in various high level taxa: Aethra Leach, 1816, 
attributed to the Parthenopidac (Rathbun 1925: 
550; Balss 1957: 1629-1630; Garth 1958: 434, 
467); Osachila Stimpson, 1871, included in 
Calappinae (T. Sakai 1965: 57) or in Matutinae 
(Rathbun 1937: 234; Balss 1957: 1612) or in 
Aethrinae emend. (T. Sakai 1976: 288; Huang 
1989: 347); Hepatella Smith, 1869, and Actaeo- 
morpha Miers, 1878 (see Guinot 1978b), tradi- 
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tionally attributed to the Leucosiidae Ebaliinae. 
The phylogenetic relationship of all these genera 
was supported by a morphocline. The genus 
Sakaila Manning et Holthuis, 1981 was subse¬ 
quently included in the parthenoxystomatous 
g rou P- 

The affinities of these genera with the other 
calappids, represented by Calappa, and the par- 
thenopids sensu lato remained questionable (that 
was the reason of the informal designation 
Parthenoxystomata), but the problem was often 
ignored and never solved. The familial designa¬ 
tion Aethridae, generally not accepted, was used 
by Ng & Rodriguez (1986) who recognized four 
families in the large parthenopid group sensu lato: 
Daldorfiidae, Dairidae (see below), Partheno- 
pidae s.s., and Aethridae. 

Bellwood (1996: 185, 186) confirmed the sepa¬ 
rate status of Hepatus with a familial rank, 
Hepatidae pro parte sensu Guinot, close to the 
Calappidae, and considered the two families 
Hepatidae and Calappidae as sister groups in the 
superfamily Calappoidea. The crucial question of 
the status of the parthenoxystomatous genus 
Aetbra was omitted from the cladistic analysis of 
Bellwood. II further researches demonstrate that 
Hepatus and Aetbra belong to the same clade, the 
family name Aethridae Dana, 1852 has prior¬ 
ity over Hepatidae Stimpson 1871. Osacbila 
contains several species, some of which have a 
more aethrid facies, while others look more like 
hepatids (Guinot 1966-1967: 836, 838). 

In aethrids/hepatids the sternal plate is wider 
than in calappids, and, in contrast to calappids, 
the well-defined epsiternites do not cover the 
condyli of P2-P4. The sutures 4/5 and 5/6 are 
medially separated. 

In males of Hepatus the external margin of every 
abdominal segment is sinuous and fits into a cor¬ 
responding surface at the border of the very deep 
sterno-abdominal cavity. Sternite 5 also bears, 
posterior to a depression, a prominence which 
hangs on a well-delimited socket on the internal 
surface of pleomere 6. This is a case where the 
combination of a press-button apparatus and of 
multiple sternum/abdomen attachments allows a 
powerful holding of the pleon. Bellwood (1996: 
176, fig. 2B) defined the organization in hepa¬ 
tids, attributing to sternal structures a location 


half-way between the two sutures 4/5 and 5/6 in 
hepatids, at least in the material that was exami¬ 
ned. We have found that in Aetbra scruposa 
(Linne, 1764), the type species of the genus, the 
nodule is more posterior and that, in some 
Osacbila species, the wide prominence can be 
located close to suture 5/6. 

In aethrid/hepatid females each sternite 6 and 7 
bears a strong protuberance that fits into a notch 
on abdominal margin. After the moult of puber¬ 
ty a vestige of the socket can remain on the inter¬ 
nal surface of pleomere 6. 

The males of Aetbra Leach, Osacbila Stimpson 
and Sakaila Manning et Holthuis present a 
remarkable indentation on the particularly thick 
edge of the abdomen, to which complementary 
sinuous surfaces of the sterno-abdominal cavity 
correspond. The sculptured and eroded orna¬ 
mentation of these regions provides a strong 
attachment. A sternal press-button is present. A 
socket is deeply excavated and defined by a strong 
superior margin. In females, protuberances on 
sternites (particularly at the base of the cavity) fit 
into the corresponding edge of the abdomen, 
which allows a perfect closing. 

Families Parthenopidae Macleay, 1838 and 
Daldorfiidae Ng et Rodriguez, 1986 
The families Parthenopidae and Daldorfiidae are 
dealt with separately, awaiting a review of their 
phylogenetic relationships and precise status. 

The margins of both sterno-abdominal cavity 
and abdomen display remarkable corresponding 
surfaces, with a deeply eroded complementary 
ornamentation, in contrast to the smooth cavity. 
The press-button is typical (Guinot 1979a: 138, 
pi. 17, figs 1-4). 

Family Dairidae Ng et Rodriguez, 1986 
Guinot (1967) showed the close relationship bet¬ 
ween Daira de Haan, 1833 (previously regarded 
as a xanthid) and Dairoides Stebbing, 1920. A 
family was established by Ng & Rodriguez 
(1986: 90, 97) for these genera, specialized but 
with plesiomorphic structures (notably G2 with a 
long and whiplike flagellum). The exact relation¬ 
ship with other parthenopids sensu lato needs to 
be established. 


ZOOSYSTEMA • 1998 -20(4) 


657 



Guinot D. & Bouchard J.-M. 


Daira and Dairodes have a similar locking appa¬ 
ratus. In Dairoides kusei (T. Sakai, 1938) a perfect 
coaptation was found in a male (cw 59 mm) but, 
in a larger male (55 X 71 mm), the two promi¬ 
nences did not fit into sockets since they were 
external to the abdomen (Guinot 1979a: 138, 
fig. 27A, pi. 17, fig. 9). 

Superfamily Majoidea Samouelle, 1819 (seve¬ 
ral families) 

In the Majoidea, which contains about 800 spe¬ 
cies assigned to more than 150 genera and in 
which 50 suprageneric categories were listed 
(Manning & Holthuis 1981: 253), Garth (1958) 
and Griffin & Tranter (1986) recognized seven 
subfamilial taxa. In these two publications, five 
subfamilies received the same name: Majinae 
Samouelle, 1819, Inachinae Macleay, 1838, 
Mithracinae Macleay, 1838, Pisinae Dana, 1851, 
Oregoniinae Garth, 1958, whereas two had diffe¬ 
rent names: Epialtinae Macleay, 1838 {in 
Griffin & Tranter = Acanthonychinae Stimpson, 
1871, in Garth) and Tychinae Dana, 1851 {in 
Griffin &c Tranter = Ophthalmiinae Balss, 1929, 
in Garth). On the basis of larval characters six 
majid subfamilies were considered by Ingle 
(1976): Oregoniinae, Acanthonychinae, Inachi¬ 
nae, Pisinae, Majinae, Ophthalmiinae. Guinot 
(1978) suggested that the majids may be raised to 
superfamily status, and Clark & Webber (1991) 
proposed a new classification of the Majoidea, 
distinguishing four major families: Majidae, 
Inachidae, Oregoniidae, and Macrocheiridae 
Dana, 1851. We proposed to consider a supple¬ 
mentary category, the Inachoididae Dana, 1851 
(Drach & Guinot 1982, 1983; Guinot 1984; 
Guinot & Richer de Forges 1997). 

It is beyond the scope of this paper to investigate 
the locking systems in such a large group. It 
appears that the majoid mechanism is a typical 
press-button. In certain majoid representatives, 
for example in most Inachinae (Fig. 20A, B: 
Inachus dorsettensis (Pennant, 1777)] and all 
Inachoidinae [Fig. 20C, D: Pyromaia tuberculata 
(Lockington, 1877); Fig. 20E, F: Collodes lepto- 
cheles Rathbun, 1894] the abdominal segment 6 
is fused to telson in a pleotelson so that the soc¬ 
kets are unusually located on the last element of 
the abdomen. The button may be very acute, 


often positioned on oblique flanks of the sterno- 
abdominal cavity, and the socket extremely deep 
(see Figs 20B-D, F, 21A-F). In the majid genus 
Thacanophrys Griffin et Tranter, 1986 both but¬ 
ton and socket may be persistent in adult females 
(Fig. 2IE, F). 

The family Hymenosomatidae Macleay, 1838 
was recently affiliated with Majoidea by 
Guinot & Richer dc Forges (1997), who provi¬ 
ded information on the locking systems. 
Sternites 1-3 form a shield, more or less narrow 
and prolonged between the Mxp3; the plate 
constituted by sternites 4-7 is very wide, with all 
the sutures short, interrupted, and placed lateral¬ 
ly. The undivided broad medial part of the plate 
corresponds to the absence of medial skeletal 
phragma. The sterno-abdominal cavity of males 
is generally very reduced in length, sometimes 
shallow, otherwise deep, in contrast to the large 
and often very specialized brood chambers found 
in females. The Hymenosomatidae differ from 
the usual brachyuran pattern of six abdominal 
segments plus telson in never having more than 
five pleomeres plus telson in both sexes. We 
regard the fusion of abdominal segment 6 with 
telson, that is the formation of a pleotelson, as an 
hymenosomatid synapomorphy. In the advanced 
species of the family, additional pleomeres may 
be fused to that terminal pleotelson, which leads 
to a weakly segmented abdomen, for example of 
only three elements (segments 3-5 fused to pleo¬ 
telson) in the case of male and female Crustaenia 
palawanensis (Serene, 1971). 

The configuration is of the press-button type, but 
with some specialized features. As for vulvae, the 
locking prominences are situated on the undivi¬ 
ded part of sternal plate, often on the oblique 
flanks of the sterno-abdominal cavity; at first 
sight their belonging to sternite 5 is not obvious 
(Guinot 1979a: 110, 149, fig. 30A, pi. 20, fig. 8, 
pi. 23, fig. 6). Dissection of the skeleton permit¬ 
ted us to define the internal configuration of 
phragma and the exact place of the sternal pro¬ 
minences on somite 5 (Guinot &C Richer de 
Forges 1997, figs 2A, C, E, 6F). In hymenoso- 
matids the sockets appear laterally located at the 
pleotelson base but belong to pleomere 6 as in all 
Brachyura. 
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Fig. 20. — Locking apparatus in Majidae (A. B. Inachinae; C-F, Inachoidinae); A. B, Inachus dorsettensis (Pennant), 6 20 x 18 mm, 
Saint-Marfin-de-Re (MNHN-B 17337): A. thoracic sternum with abdomen; B. ventral surface of abdomen; C. D, Pyromaia tubercula- 
ta (Lockington), 6 17 x 12.2 mm. Lower California (MNHN-B 9290): C. thoracic sternum without abdomen; D, ventral surface of abdo¬ 
men; E, F, Collodes leptocheles Rathbun, 6 17.5 x 13.2 mm, Gulf of Mexico (MNHN-B 14055): E. thoracic sternum with abdomen; 
F, ventral surface of abdomen. Abbreviations: a6, abdominal segment 6: b. button; pt, pleotelson; so, socket; t, telson; 5, sternite 5. 
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Another characteristic feature of hymenosoma- 
tids is the presence of defined intercalated plate¬ 
lets, either completely articulated, movable as in 
Odiomaris pilosus (A. Milne Edwards, 1873) 
(Fig. 27) and Amarinus angelicus (Holthuis, 
1968), or fused, the suture that delimits them 
being more or less discernible (Lucas 1980, fig. 7; 
Guinot & Richer de Forges 1997, figs 4A-E, 
6B-E). We consider that the transformation series 
of the movable intercalated platelets into fused 
plates, then their complete integration to pleotel- 
son, illustrate the stages towards the apomorphic 
condition. The intercalated platelets in the 
Hymenosomatidae correspond to the sockets in 
other brachyuran crabs and, as such, constitute 
the complementary abdominal parts for locking 
and are used for this purpose. When the delimi¬ 
ted platelets have disappeared, only sockets 
remain excavated on the ventral surface of pleo- 
telson’s base (see Hypothesis about the homology 
uropod-socket). 

Families Portunidae RaFmesque, 1813, Piaty- 
XANTHIDAE Guinot, 1977, ERIPHIIDAE Ortmann, 
1893 (= MENIPPIDAE Ortmann, 1893), Carpi- 
LIIDAE Ortmann, 1893, XANTHIDAE Macleay, 
1838, PANOPF.IDAE Ortmann, 1893, Bytho- 
GRAEIDAE Williams, 1980, TRAPEZIIDAE Miers, 
1886, PlLUMNIDAE Samouelle, 1819, EUMEDO- 
NIDAE Miers, 1879, GERYONIDAE Colosi, 1923, 
GONEPLACIDAE Macleay, 1838 sensu lato (not an 
exhaustive list) 

1’here is a typical press-button. The button and 
the socket vary only according to their size, 
shape, microstructures (Bouchard, in prepara¬ 
tion), and to their relative location on the surface 
of the corresponding somite, always on the surface 
of sternite 5 for the button and on the internal 
surface of pleomere 6 for the socket. See text and 
figures in Guinot 1979a. 

The button and the socket (Fig. 26C, D) of the 
hydrothermal crab Austinograea alayseae Guinot, 
1990 were observed with the scanning electron 
microscope. 

Families of freshwater crabs (DECKENIIDAE 
Ortmann, 1897, GECARCINUCIDAE Rathbun, 
1904, Parathf.i.phusidae Colosi, 1920, Potami- 


DAF. Ortmann, 1896, POTAMONAUTIDAE Bott, 
1970, PSEUDOTHELPHUSIDAE Ortmann, 1893, 
SUNDATHELPHUSIDAE Bott, 1969, TRICHO- 
DACTYLIDAE H. Milne Edwards, 1853) 

All the representatives of these diverse brachyuran 
families are true freshwater crabs, without marine 
larval stages: they are restricted to freshwater 
habitats and, apparently, no members nor close 
relative are marine. They all have a male opening 
that is located on the P5 coxa: they belong in the 
Heterotremata. The existence of diverse forms of 
a penial groove, which is rudimentary in 
Pseudothelphusidae and partially covered by ster¬ 
nal parts in Trichodactylidae, could be considered 
as first stages in the process leading to coxo-stcr- 
nal orifices (Rodriguez 1992; Ng & Rodriguez 
1995). 

It is usual that the abdomen retention is ensured 
by a typical press-button, but the configuration 
needs to be verified in all taxa. 

Family HEXAPODIDAE Miers, 1886 

A doubtful and temporary assignment of the 
family Hexapodidae to the Thoracotremata was 
suggested by Guinot (1978a; 1979a: 114, 145, 
fig. 32). Hexapodids, that are highly modified 
(some species are known to live in tubes of anne¬ 
lids and on hydroids), appear to not belong to the 
catometopous group ( ibid.: 215). The attribution 
of the family to the Heterotremata (Guinot & 
Richer de Forges 1997: 496, table 1) is in accor¬ 
dance with the ontogenetic data suggesting a 
close relationship to Goneplacidae (Pereyra Lago 
1988). The apparatus belongs to the press-button 
type (Fig. 17E). 

Family CRYPTOCHIRIDAF. Paulson, 1875 

The affinities of gall crabs with other brachyuran 
groups remain unclear, despite the essential fin¬ 
dings of Kropp (1988, 1989, 1990) and Kropp & 
Manning (1985, 1987, 1996). The male orifice is 
indicated as opening in a sternal position, but 
possible states of this character need to be analy¬ 
sed. A coxo-sternal organization is admitted, lea¬ 
ding to the inclusion of the family among the 
advanced Heterotremata (Guinot & Richer de 
Forges 1997: 496, table 1). 
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Fig. 21. — Locking apparatus in three majid species of Thacanophrys Griffin et Tranter; A, B. Thacanophrys albanyensis Ward (as 
Chlorinoides barunai Serene), 6 26 x 14 mm holotype, Indonesia (MNHN-B 17817); A, thoracic sternum without abdomen; B, ven¬ 
tral surface of abdomen; C, D, Thacanophrys harmandi (Bouvier) (as Acanthophrys harmandi), 6 46 x 24.5 mm, holotype, in the vici¬ 
nity of Tokyo (MNHN-B 22330); C. thoracic sternum without abdomen; D, ventral surface of abdomen; E, F, Thacanophrys longispi- 
na (de Haan) (as Chorinus longispinus ), 9 23 x 27.4 mm, Japan (MNHN-B 17853): E. thoracic sternum without abdomen: note the 
persistent buttons; F, ventral surface of abdomen, with persistent sockets. Abbreviations: a6. abdominal segment 6; b, button; s.a., 
sterno-abdominal cavity; so, socket; t, telson; v, vulva; 5, sternite 5. 
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The extensive studies of Kropp reveal a wide 
range of configurations exhibited by the family, 
in particular with regard to the thoracic sternum, 
often illustrated in the females. The sternal plate 
varies from relatively narrow ( Cryptochirus Heller, 
1861) to wide or very wide ( Hapalocarcimis 
Stimpson, 1859, Pseudobapalocarcitius Fize et 
Serene, 1956). The sternal sutures 4/5 and 5/6 
are always interrupted, but in the posterior part 
of the plastron the sutures are diversely arranged. 
The sutures 6/7 and 7/8 remain continuous in: 
Cryptochirus , Lithoscaptus A. Milne Edwards, 
1862 pro parte , Zibrovia Kropp et Manning, 
1996, Opecarcinus Kropp et Manning, 1987 pro 
parte , Fizesereneia '1akeda et Tamura, 1980. Only 
suture 7/8 may remain continuous, the 6/7 sutu¬ 
re being more or less largely interrupted, in: 
Lithoscaptus pro parte, Opecarcinus pro parte, 
Hiroia Takeda et Tamura, 1980. The posterior 
sutures, 6/7 and 7/8, are interrupted, so that all 
the sutures are interrupted on the largely undivi¬ 
ded, broad sternal plate, in: Hapalocarcinus , 
Pseudohapalocarcinus, Fungicola Serene, 1966, 
Pseudocryptochirus Hiro, 1938, Xynomaia Kropp, 
1990 (not exhaustive lists). 

The shape of the sterno-abdominal cavity and the 
precise location of the abdomen on the ventral 
plate are not well-kown in cryptochirids. The 
existence of a locking apparatus was never repor¬ 
ted in males, always smaller than the females and 
relatively rare. The abdomen seems to be ventral- 
ly folded, without special morphological devices 
to hold it (R. K. Kropp pers. com.). It is note¬ 
worthy that absence of any apparent structures 
occurs in forms finding protection within galls or 
in open pits formed in corals. 

THORACOTREMATA Guinot, 1977 

The Thoracotremata, sternitreme for the female 
orifice (vulvae on sternite 6), show a constant 
sternal location of the male pores, which is on 
sternite 8 but in various places in relation to the 
sternal suture 7/8, so that the sternal male ope¬ 
ning constitutes a multistate character (Guinot 
1979a: 218, figs 53, 54, 55F-H, 56). The section 
Thoracotremata includes only littoral, amphi¬ 
bious and terrestrial brachyuran crabs (the genus 


Planes Bowdich, 1825 excepted) in marine or 
brackish habitats, with diverse representatives 
adapted to freshwater existence (Guinot & 
Richer de Forges 1997: 496, table 1). 

In all representatives of the Thoracotremata the 
thoracic sternum is wide or very wide, the 
sutures 4/5 through 7/8 are interrupted, the 
generally deep sterno-abdominal cavity is often 
anteriorly delimited by a cristiform margin, the 
abdomen forms a thin plate, and the male orifice 
always opens on the sternum. A non-origination 
of the male gonopore and penis from P5 coxa, i.e. 
a direct sternal emergence, was observed in 
Ocypode cursor (Linne, 1758) in which the penis 
emerges near the end of thoracic suture 7/8 
(Guinot 1979a, fig. 56). Regarding the gonopo- 
re/penis organization, the thoracotrematous cha¬ 
racter state appears either with a proximity to P5 
coxa (Grapsinae, Plagusiinae, a part of Gecarci- 
nidae and Sesarminae) or a location that is com¬ 
pletely sternal, for example in the Ocypodidae. It 
is now obvious that the Thoracotremata sensu 
Guinot (1977, 1978, 1979) display various 
conformations of male ducts and openings: this 
emphasizes the necessity of additional information 
and lurther investigations (R. von Sternberg pers. 
com.). 

Family G rapsidak Macleay, 1838 
In both subfamilies Grapsinae and Plagusiinae 
there is a complete typical press-button appara¬ 
tus, persistent and apparently functional throu¬ 
ghout life. In the Plagusiinae the socket is located 
in the postero-lateral and external angles of abdo¬ 
minal segment 6, while in the Grapsinae the soc¬ 
ket is similarly positioned in the postero-lateral 
part but generally far from the external margin of 
the abdomen. In both subfamilies Varuninae and 
Sesarminae, the locking mechanism is also of the 
press-button type: either it is present throughout 
life or tends to disappear in large crabs (even in 
males) or it is completely lost. 

Subfamily Grapsinae Macleay, 1838 
Within the genus Grapsus Lamarck, 1801, as in 
G. grapsus (Linne, 1758) and G. tenuicrustatus 
(Herbst, 1783) (Fig. 22A), there is an acute pro¬ 
minence, persistent in males throughout life 
(Hartnoll 1965: 128), and a socket far from the 
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Fig. 22. — Locking apparatus in Grapsidae. subfamily Grapsinae: A. Grapsus tenuicrustatus (Herbst), 6 65 x 72 mm, Sainte-Luce 
(MNHN-B 11541); B-D. Metopograpsus latifrons (White), 6 28.8x32.8 mm. type series of M. pictus A. Milne Edwards, probably New 
Caledonia (MNHN-B 12882): B and C. thoracic sternum with and without G1: D. ventral surface of abdomen. Abbreviations: a6. abdo¬ 
minal segment 6; b. button; d, depression to receive the apex of G1; g. G1: pr. projection on sternite 6; so, socket; s.a., sterno-abdo- 
minal cavity; 5, 6, sternites 5 and 6. 
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external margin of the sterno-abdominal cavity 
(Guinot 1979a: 142, pi. 20, figs 1, 2). In Gonio- 
psis cruentata (Latreille, 1803) the locking appa¬ 
ratus is functional only in immature females and 
in all males. 

In Pachygrapsus Randall, 1839 the press-button 
was studied by Perez (1933a, 1933b) and Vernet- 


Cornubert (1958). In male P. transversus (Gibbes, 
1850) and P. gracilis (de Saussure, 1858) 
the mechanism is functional in all sizes, then 
throughout life, appearing in the first stages of 
post-larval existence and only regressing in matu¬ 
re females, which have a widened abdomen 
(Hartnoll 1965: 135, 136). 


SO 
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In the material of the genus Geograpsus Stimpson, 
1858 that was examined, for example G. lividus 
(H. Milne Edwards, 1837), the press-button is 
typical, with the socket far from the external mar¬ 
gin of the abdomen and sometimes horizontal. 

In Metopograpsus H. Milne Edwards, 1853, as in 
M. frontalis Miers, 1880 and M. oceanicus 
(Jacquinot, 1853), the button is very prominent 
and the socket wide, without defined borders. The 
most striking case is shown by M. latifrons 
(White, 1847) (Fig. 22B-D: male of the type 
series of M. pictus A. Milne Edwards, 1867). The 
button on somite 5 is very elevated, transversely 
elongated, and offers an uneven surface. There is 
a close coaptation between the button and the 
male first gonopod: the T-shaped apex of Gl 
comes in contact with the posterior portion of the 
prominence and is situated in a corresponding 
depression hollowed on the surface of the sterno- 
abdominal cavity, just behind the button and at 
the level of suture 4/5. In addition, a rough pro¬ 
minence on somite 6 appears to limit sideways 
movement of the adjacent pleopod. In 
Metopograpsus messor (Forskal, 1775) and M. thu- 
kuhar (Owen, 1839) the button is smaller, roun¬ 
ded, not transversely elongated, and the apex of 
Gl is not T-shaped. It is doubtful, however, that 
all these species actually belong to the same genus. 
In Planes Bowdich, 1825 the button is very close 
to the sternal suture 5/6 and the socket is near the 
external margin of the abdomen. 

Subfamily Plagusiinae Dana, 1851 
In all the examined species of Plagusia Latreille, 
1804, P. depressa (Fabricius, 1775), P. immacula- 
ta Lamarck, 1818 and P. glabra Dana, 1851 
(Fig. 23C-D), the sternal prominence is strong, 
looking more or less corneous. This corneous 
aspect is due to a scaly paving, observed with the 
scanning electron microscope (Fig. 26F, P. imma- 
culata) (Bouchard in preparation). The deep soc¬ 
ket persists and functions throughout life, except 
for post-puberty females where only a sternal scar 
remains visible (Guinot 1979a: 144, pi. 18, 
figs 9-11). 

In Percnon Gistel, 1848, P. planissimum (Herbst, 
1804), P affine (H. Milne Edwards, 1853), 
P. abbreviatum (Dana, 1851), and P. guinotae 
Crosnier, 1965 were examined: the button has a 


wide base, forming a large prominence, and its 
surface looks corneous; the socket is deep and 
outlined with a strong thickening (Guinot 
1979a, pi. 23, figs 2, 3). 

Subfamily Varuninae H. Milne Edwards, 1853 
The subfamily Varuninae, which includes more 
than fifteen genera living in estuarine and bra¬ 
ckish or freshwater habitats, forms an artificial 
grouping that needs re-evaluation. It similarly 
appears heterogeneous in respect of the locking 
system. 

In Varuna litterata (Fabricius, 1798) ( cf Guinot 
1979a: 142, pi. 20, fig. 5) (Fig. 23A) and in the 
species of Gaetice Gistel, 1835, Hernigrapsus 
Dana, 1851, Brachynotus de Haan, 1833, 
Pyxidognathus A. Milne Edwards, 1878, and 
Ptychognathus Stimpson, 1858 that were exami¬ 
ned, a typical press-button was present and per¬ 
sistent throughout the life in males, with a socket 
a little remote from the abdominal margin. In 
Euchirograpsus H. Milne Edwards, 1853, E. ame- 
ricanus A. Milne Edwards, 1853, E. liguricus 
H. Milne Edwards, 1853 and E. timorensis 
Tiirkay, 1975 that were examined had a specially 
acute button and a socket posteriorly defined by 
a strongly calcified border, which suggests that 
the genus is misplaced in the Varuninae. 

A small button and a socket are present in 
Eriocbeir sinensis H. Milne Edwards, 1854 
(Fig. 23B), but the locking mechanism is no lon¬ 
ger efficient in males beyond a carapace width of 
about 23 mm even if both morphological consti¬ 
tuents are still present (Hoestlandt 1940: 21, 
fig. 8; 1948: 55). The zone bearing the acute but¬ 
ton is covered by setae, and the socket seems the 
first to disappear, even when the button is not yet 
lost (Guinot 1979a: 142, pi. 23, fig. 1). In the 
male material of E. japonica (de Haan, 1835) that 
was examined, the button is small but remains 
present, in a notch left by the setae of Gl, and the 
socket is weak. In specimens of E. formosa Chan, 
Hung et Yu, 1995 (a species to be referred to a 
new genus, cf. Guo et al. 1997) that were exami¬ 
ned, the button is always small, the setae on Gl 
being in contact with the button; the diffuse soc¬ 
ket seems to be ineffective. 

In Acmaeopleura Stimpson, 1858 and Tetragrapsus 
Rathbun, 1918, the button is blunt and the soc- 
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ket weak. In Cyrtograpsus Dana, 1851, C. angula- 
tus Dana, 1852 was examined: the large males 
were devoid of locking structures; a male measu¬ 
ring 14.6 x 17.4 mm bore a pair of minute but¬ 
tons, covered by the Gl setae, but had obsolete 
sockets; in a smaller individual measuring 11.9 X 
14 mm, however, the buttons were already lost. 


Members of the genus Orcovita Ng e^Tomasick, 
1994, all anchialine or cavernicolous, possess an 
apparatus of the press-button type, with a mar¬ 
ked button but only a diffuse socket (to be cor¬ 
rected in the diagnosis given by Ng, Guinot & 
Iliffe 1996), so that the abdomen seems to be not 
efficiently retained by this mechanism. 


Fig. 23. — Locking apparatus in Grapsidae, subfamilies Varuninae and Plagusiinae: A, Varuna litterata (Fabricius), 6 29 x 31 mm, 
Madagascar (MNHN-B 16777); B. Eriocheir sinensis H. Milne Edwards. 6 71 x 75 mm, Escaut (MNHN-B 12581): button absent 
(setae were partly removed from right Gl); C, D, Plagusia glabra Dana, near Sydney (MNHN-B 11700): C, ovigerous 9 35 x 38 mm: 
button persistent as a scar; D, 6 32 x 33.5 mm. Abbreviations: b. button; s, scar of the button; v, vulva; 5. 6. sternites 5, 6. 
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Subfamily Sesarminae Dana, 1851 
The subfamily Sesarminae, an artificial grouping, 
is among the largest brachyuran subfamilies, with 
representatives that are intertidal, often mangro¬ 
ve dwellers, or adapted to freshwater, or very ter¬ 
restrial (Ng 1988). In the sesarmine species that 
were examined the button was small and general¬ 
ly did not work after a certain size (sometimes at 
a size well below that of puberty), or was obsole¬ 
te or absent; if present, the socket was weak. 

In Sesarrna Say, 1817 (type species S. reticulatum 
Say, 1817) and in allied genera the configuration 
is not constant. The sternite 5, often covered by 
setae, may be covered by Gl. In the male mate¬ 
rial that was examined the small-sized individuals 
had a very small button, which could disappear at 
a particular molt, and a socket which was imper¬ 
ceptible under the binocular. 

In Sesarrna ( Chiromantes) huzardi (Desmarest, 
1825) the locking mechanism seems to be func¬ 
tional. A well-developed prominence was obser¬ 
ved on sternite 5 as well as a small socket in the 
postero-lateral corner of pleomere 6. This appara¬ 
tus remains apparently constant and functional at 
any (molting stage) size of the individuals. In 
S. (Peri sesarrna ) alberti Rath bun, 1921 a small 
sternal prominence is observable at any growing 
stage of the individuals despite the socket not 
being well-differentiated. 

In Sesarrna (Chiromantes) guttaturn A. Milne 
Edwards, 1869 the button disappears beyond the 
size 12.9 X 16.2 mm. In S. (Holometopns) ricordi 
H. Milne Edwards, 1853, small individuals (cl less 
than 7 mm) show a normal locking apparatus, but 
this becomes non-functional in larger males: only 
vestigial tubercles remain on the sternum and they 
become smaller with increasing body size 
(Hartnoll 1965: 133). Young individuals of 
Neoepisesarrna {Neoepisesarrna) mederi (H. Milne 
Edwards, 1853) have a minute button near sternal 
suture 4/5 and a small socket, but these structures 
tend to disappear at large sizes. In Neosarmatium 
meinerti (de Man, 1887) the button is present in a 
male measuring 31 X 37 mm but is lost in a male 
measuring 36.5 x 42.7 mm. In Sarmatium Dana, 
1851 the button is small or absent, and there is no 
socket. 

In other sesarmine species the absence of buttons 
even before the moult of puberty in males is pos¬ 


sible. In living Sesarrna {Sesarrna) curacaoense de 
Man, 1892, Hartnoll (1965: 139) noticed the 
absence of any abdominal locking apparatus. 
S. {Sesarrna) reticulatum, S. {Chiromantes) haema- 
tocheir (de Haan, 1833), S. {Chiromantes) dehaa- 
ni H. Milne Edwards, 1853, S. {Chiromantes) 
guttaturn A. Milne Edwards, 1869, S. {Geose- 
sarma) maculatum de Man, 1892, Parasesarma 
plicatum (Latreille, 1803) perhaps also, but an 
examination of specimens of all sizes is necessary. 
No button was observed in Neosarmatium smithi 
(H. Milne Edwards, 1853), N. meinerti (de Man, 
1887), and N. trispinosurn Davie, 1994. 

In the examined species of the genera Helice de 
Haan, 1835 and Pseudohelice K. Sakai, Ttirkay et 
Yang, 1996, only a very minute tubercle exists on 
sternite 5 in males. It does not correspond to any 
(perceptible) socket, and locking does not appear 
possible. In H. crassa Dana, 1851 and 
Pseudohelice leachii (Hess, 1865) the tubercle 
disappears beyond a certain size in males. In all 
the examined male individuals of H. tridens de 
Haan, 1835 a second minute granule is present 
on the posterior portion of somite 5. 

In Cyclograpsus H. Milne Edwards, 1837 the hut- 
ton is small or lost and the socket absent. The 
apparatus is vestigial in small individuals of 
C. integer H. Milne Edwards, 1837 (Hartnoll 
1965). The sternite 5 is covered by the long male 
first gonopods in C. punctatus H. Milne Edwards, 
1837, while in C. integer the gonopods are shor¬ 
ter and the sternite is free. 

In Metaplax H. Milne Edwards, 1852 the button 
is absent or doubtful, and there is no apparent 
socket. In Chasmagnathus de Haan, 1833 the 
button is small and there is no discernible socket. 
In Aratus pisonii (H. Milne Edwards, 1837) no 
trace of button or socket was found, even in 
males. Observing living animals from Jamaica, 
Hartnoll (1965: 121, 145) recorded that the loc¬ 
king mechanism is completely lost in this tree 
climbing crab. It was remarked that in sesarmine 
species the disappearance of the apparatus is not 
accompanied by any overall change in the abdo¬ 
men appearance, while in Aratus H. Milne 
Edwards, 1853, the male abdomen is large, 
somewhat resembling that of mature females. 
Hartnoll suggested that this "feminization'’ could 
perhaps account for the loss of the locking system. 
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Fig. 24. — Locking apparatus in Ocypodidae, subfamilies Macrophthalminae and Ocypodinae; A. Macrophthamus (Venitus) latreillei 
(Desmarest), 6 38 x 51 mm, NW coast of Madagascar (MNHN-B 12614): button present: B, Ocypode cursor (Linne), 6 36 x 45 mm, 
Dakar (MNHN): button absent; C, Uca (Boboruca) thayeri Rathbun, 6 20 x 31 mm, French Guiana (MNHN-B 12049): two horizontal 
carinae on sternite 4; D, Uca ( Afruca) tangeri (Eydoux), 6 26 x 39 mm, Dakar (MNHN-B 12027): a marked tubercle and additional 
granules. Abbreviations: b, button; c, carina on sternite 4; g, G1; gr, granule; tu, tubercle; 4, 5. 6, sternites 4, 5, and 6. 
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FAMILY OCYPODIDAE Rafmesque, 1815 tophthalmus (Pallas, 1772), O. saratan (Forskal, 

1775), O. cordimanus Latreille, 1818, O. platy- 
SUBFAMILY OCYPODINAE Rafmesque, 1815 tarsis H. Milne Edwards, 1852, O. africana de 

We examined most species of the genus Ocypode Man, 1881, O. madagascariensis Crosnier, 1965. 
Weber, 1795. The button is very small in O. cera- It is absent in O. cursor (Linne, 1758) (Fig. 24B), 
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O. quadrata (Fabricius, 1787), O. gaudichaudii 
H. Milne Edwards et Lucas, 1843. The socket is 
vestigial or absent. In O. pygoides Ortmann, 1894 
there is only a vestigial button. 

In the large genus Uca Leach, 1814, which has 
been subdivided (Bott 1973; Crane 1975; von 
Hagen 1976), the configuration is variable. 
According to the species, there is either a button, 
small but acute, or a granular zone, or a longitudi¬ 
nal set of granules (with the anterior one more 
developed) located under the abdomen, but no 
differentiated socket is discernible. In the case of a 
unique button, it is not covered by the relatively 
long pleopods which are more medially situated. 
We use by convenience the nomenclature of Crane 
(1975) instead of Bott’s names (1973) (see von 
Hagen 1976; Manning & Holthuis 1981: 224). 

In Uca (Afruca) tangeri (Eydoux, 1835) there is 
generally a marked tubercle just behind the ster¬ 
nal suture 4/5, in a setose region, and sometimes 
one or even two additional granules are in the 
same row (Fig. 24D). In U. {Uca) maracoani 
(Latreille, 1802), along the external border of the 
sterno-abdominal cavity, the sternite 5 bears a set 
of arranged granules, which extend a little on to 
sternites 4 and 6 (additionally, a pair of small 
carinae is present on sternite 4, see below). In 
Uca (U.) princeps (Smith, 1870) the granules are 
larger and more numerous on the anterior part of 
sternite 5, which appears slightly elevated. 
Species belonging mostly to the subgenus 
Minuca Bott, 1954 are characterized by an addi¬ 
tional structure, called cram d’arret (safety catch) 
by Guinot (1979: 153). In Uca ( Minuca ) vocator 
(Herbst, 1804), U. (M.) mordax (Smith, 1870), 
U. {M. ) rapax (Smith, 1870) (Fig. 26E) and in 
U. {Boboruca) thayeri Rathbun, 1900 (Fig. 24C) 
there is a rather setose, sometimes minutely gra¬ 
nular area, a small tubercle well visible behind 
sternal suture 4/5, and a special structure that 
arises from a denticulated crest that encircles the 
end of the sterno-abdominal cavity. On each side, 
in the middle of sternite 4, this crest is prolonged 
internally by two short and smooth (under the 
binocular) carinae, which are practically horizon¬ 
tal but directed towards the slope of the cavity 
and penetrate inside the sterno-abdominal cavity. 
This pair of carinae corresponds to the limit bet¬ 
ween abdominal segment 6 and telson. It is sug¬ 


gested that, when the crab inserts its telson in the 
deep sterno-abdominal cavity (animals preserved 
in alcohol do not show any muscular tonus), the 
thickened anterior part of the telson is held by 
the carinae, which immobilizes the abdomen. All 
the Uca {Minuca) species that were examined 
possessed a pair of carinae. 

Other Uca species have a similar pair of carinae, 
as in the case of Uca {Celuca) pugilator (Bose, 
1802) in which the carinae are thickened at their 
distal end. In Uca (Celuca) urugayensis Nobili, 
1901 these carinae are markedly curved upwards. 

Subfamily Heloeciinae H. Milne Edwards, 
1852 (= Heloeciinae Turkay, 1983) 

Heloecius Dana, 1851, considered as the most pri¬ 
mitive genus within the family Ocypodidae, has 
been removed from the subfamily Ocypodinae to 
be placed in the subfamily Heloeciinae, in which 
the genus Ucides Rathbun, 1897 was also (at least 
provisionally) included (Turkay 1983; Fielder & 
Greenwood 1985; Tavares 1990). In H. cordifor- 
mis (H. Milne Edwards, 1837), an intertidal and 
burrowing crab active at low water in the man¬ 
grove, and Ucides cordatus (Linne, 1763), that 
occurs supratidally (Hartnoll, 1988), no button 
or socket was observed. In these two genera, the 
sterno-abdominal cavity is very deep and long, 
the G1 reach the level of sternite 4 (then covering 
the sternite), and the somites with the usual loc¬ 
king press-button (sternite 5 and pleomere 6) do 
not correspond. Ucides is notably distinguished 
by its abdominal segments 5 and 6 fused in a 
rigid plate, whereas Heloecius has a wider and 
normally segmented abdomen. 

Subfamily Macroph i halminae Dana, 1852 
In Macrophthalmus Latreille, 1829 (see Komai et 
al. 1995) a part of the species examined showed a 
tubercle, sometimes acute and always behind the 
sternal suture 4/5, and a shallow socket in the 
middle of abdominal segment 6. Macrophthalmus 
{Venitus) latreillei (Desmarest, 1822) (Fig. 24A) 
represents an example of an acute button, proba¬ 
bly providing an effective locking mechanism. In 
M. {Macrophthalmus) dilatatus de Haan, 1835, 
the socket is positioned in the anterior part of the 
abdominal segment 6, and the apparatus seems to 
function. In M. {Macrophthalmus) milloti 
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Crosnier, 1965, M. {Macrophthalmus) brevis 
(Herbst, 1804), M. {Macrophthalmus) consobri- 
nus Nobili, 1906 and M. {Mopsocarcinus) boscii 
Audouin, 1826, the system seems to be effective. 
Other macrophthalmine species have a system 
which appears weak and perhaps even inefficient. 
In M. ( Hemiplax ) hirtipes (Jacquinot, 1853) there 
is a button, but a socket is not perceptible under 
the binocular. In M. ( Mareotis) depressus Riippell, 
1830, and M. {Mareotis) banzai Wanda et K. 
Sakai, 1989, the buttons become very minute. 
M. {Mareotis) japonicus (de Haan, 1835) has lost 
both parts, sternal and abdominal, of the locking 
apparatus. 

Subfamily Dotillinae Stimpson, 1858 
(= SCOPIMERINAE Alcock, 1900) 

In Dotilla Stimpson, 1858 the sterno-abdominal 
cavity is very deep, with well-defined margins. 
The abdomen is perfectly inserted in the cavity 
and its ventral part is almost completely covered 
by the swollen hindgut. In D. myctiroides 
(H. Milne Edwards, 1852), D. fenestrata 
Hilgendorf, 1869, D. wichmanni de Man, 1892, 
and D. malabarica Nobili, 1903 there is a mi¬ 
nute prominence, very close to (almost on) 
suture 4/5, but no socket is discernible, at least 
under a binocular. In D. sulcata (Forskal, 1775) 
the suture 4/5 is thickened and slightly carinated, 
without a button, and no socket is perceptible. 

In the two examined species of Dotillopsis Kemp, 
1919, D. brevitarsis (de Man, 1888) and D. pro- 
fuga (Nobili, 1903), the anterior segments of the 
abdomen are inserted in a relatively broad cavity, 
and the pleon is markedly constricted and well- 
inserted at the level of the basal part of seg¬ 
ment 5. The posterior end of the abdomen is 
included in a deep and narrow sterno-abdominal 
cavity. No button or socket is visible. 

In all species of Scopimera de Haan, 1833 that 
were examined, there is a small button behind 
suture 4/5 and a socket in the postero-lateral 
angles of abdominal segment 6. The mechanism 
is functional. 

Family Camptandriidae Stimpson, 1858 
A subfamily level was proposed by Stimpson 
(1858) but, for a long time, the genus 
Camptandrium Stimpson, 1858, was referred to 


diverse groups, being attributed to the Macro- 
phthalminae within the family Ocypodidae 
(Balss 1957). Serene (1974) formally defined the 
subfamily Camptandriinae and included the 
genera Leipocten Kemp, 1915 and Paracleisto- 
tsoma de Man, 1895, whereas at the same time 
Pretzmann (1974) established the “new’’ tribe 
Camptandriini. Manning & Holthuis (1981: 
193, 348), who described five new West African 
genera, recognized the subfamily. Reviewing the 
genus Baruna Stebbing, 1904, Harminto & Ng 
(1991) emphasized the unique characters of the 
camptandriine group, in particular the unusually 
recurved Gl. The taxonomy of the camptan- 
driines, which consists of nearly twenty genera, 
was revised by Tan & Ng (1994) and Al- 
Khayat & Jones (1996), and awaits being raised 
to family status Camptandriidae (Ng 1998 and 
pers. comm.). The camptandriid crabs usually 
live in estuarine, especially mangrove habitats. 

In Tylodiplax de Man, 1895 and Baruna 
Stebbing, 1904 there is a typical press-button, 
persistent throughout life. In Shenius anomalus 
(Shen, 1935) the sternal tubercle is acute, and the 
socket clearly visible. In Paracleistostoma depres- 
sum de Man, 1895, Serenella leachii (Audouin, 
1826) and Ilyogynnis microcheirum (Tweedie, 
1937) the button, situated close to the sterno- 
abdominal margin, varies from prominent to flat¬ 
tened, and the socket, situated on the edge and 
the whole length of abdominal segment 6, varies 
from slightly hollowed to flat. 

The locking apparatus seems functional in all 
examined Camptandriidae. 

Family Gecarcinidae Macleay, 1838 
The male abdomen forms a relatively thin plate. 
On sternite 5, often covered with numerous 
setae, there is a prominence with an uneven sur¬ 
face; no abdominal socket is discernible, however. 
In Gecarcinus lateralis (de Freminville, 1835) 
three male individuals measuring 22 X 30 mm, 
39 x 32 mm, and 42 x 34 mm have two granules, 
one larger than the other, very close to suture 4/5; 
in a male individual measuring 46 X 36 mm the 
granules are fused and are not reached by the 
male first gonopods. In G. planatus Stimpson, 
1860 (Fig. 25A, B) a large oblique prominence is 
located in the middle of sternite 5, with an un- 
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even and setose surface; no socket, however, is 
perceptible on pleomere 5. 

In Cardisoma carnifex (Herbst, 1796), a male 
measuring 59 x 68 mm shows 2-3 granules very 
close to suture 4/5 in a setiferous zone; a male 
measuring 83 X 69 mm shows a granulous pro¬ 
minence plus a row of granules, the apex of Gl 
being just behind the granules. Discoplax hirtipes 
(Dana, 1852) follows the same pattern. 
Epigrapsus politus Heller, 1862 displays a relative¬ 
ly strong and rugose button in the middle of ster- 
nite 5; the socket is visible because of its calcified 
border. 

Gecnrcoidea lalandii H. Milne Edwards, 1837 
(male individual measuring 50 x 67 mm) shows 
a wide and rough prominence on the setiferous 
sternite 5, probably with particular microstruc¬ 
tures, but no corresponding socket. 

Family Miclyridaf. Dana, 1851 
In Mictyris Latreille, 1806 (type species: M. lon- 
gicarpus Latreille, 1806) the sterno-abdominal 
cavity is not deeply hollowed and its margins are 
not well-defined laterally. The abdomen is long, 
particularly wide and expanded, except for the 
small telson; its anterior segments are tightly 
inserted between the P5 coxae and sternite 8 
(Guinot 1979a, fig. 29C). In addition, in M. lon- 
gicarpus an oblique protuberance on each side of 
sternite 8, just behind the suture 7/8, props up 
the pleomere 2. 

The five species of Mictyris that were examined 
do not have a sternal button or an abdominal soc¬ 
ket. In the males (no female was observed) of 
M. platycheles H. Milne Edwards, 1852, two long 
lateral projections arise from a crest on sternite 4 
(Fig. 25C, D). The latero-external parts of pleo¬ 
mere 6, with no visible differentiated zone, lean 
on the pair of projections, and the telson loosely 
moves between these two strong structures. 

The crest on sternite 4 is without projections in 
mictyrids, except in only one species, M. platy¬ 
cheles. It is evident that the pair of projections in 
M. platycheles is not homologous with a locking 
apparatus of the press-button type: the telson is 
simply received in the space between the two pro¬ 
jections. Apparently lateral displacements of the 
abdomen will be prevented due to the pair of 
projections that guides the course of the telson. 


GENERAL DISCUSSION 


When observing living crabs or specimens preser¬ 
ved in alcohol and when referring to published 
data, it is rare, if not exceptional, to find indivi¬ 
duals with their abdomen not fixed to the ventral 
surface. A retained abdomen is the rule for males 
and also for prepubertal females, while the mature 
females acquire a wide abdomen that (usually) 
cannot he held to the thorax any longer. 

Male and female abdomens 
Male and female abdomens have initially six dis¬ 
tinct segments, all loosely articulated, plus the 
telson. There is a tendency toward fusion of two 
or several pleomeres in a more rigid plate, some¬ 
times with the sutures no longer visible. 

The abdomen is capable of strong flexion and its 
ventral folding varies from weak to complete. 
The first segments are not completely flexed 
under the cephalothorax even in certain advanced 
crabs (Guinot 1979a, fig. 1H, I). The abdomen 
may be long, entering the bases of the Mxp3 and 
in great part folded, as in the Homolidae, or very 
short and incompletely flexed under, as in the 
Raninidae. The ventral inflexion of the abdomen 
is not an exclusively brachyuran condition, since 
it occurs in other Decapoda with a crablike facies 
(Porcellanidae for example). In Decapoda an 
elongated abdomen may be regarded as the ple- 
siomorphic condition, versus a short and flexed 
abdomen in the apomorphic condition. But the 
developed, unprotected and unsegmented abdo¬ 
men in paguroids, which contains almost exclusi¬ 
vely the reproductive system, differs not only 
from that of other anomurans but from that of 
decapods in general (McLaughlin 1980: 150, 
figs 47A, 50A). The long abdomens, as well as the 
short, well-calcified (with symmetrical or more or 
less asymmetrical tergal plates) and folded abdo¬ 
mens, are not similar among the Reptantia. 

In the Brachyura, plesiomorphic character states 
are the narrow tergal part of abdominal segments 
accompanied by elongated lateral pleura and a 
long telson, both found in Homolodromiidae 
(Guinot 1993a, 1995). For Scholtz & Richter 
(1995), the “original” decapod telson is triangu¬ 
lar and pointed posteriorly; it is wide, more or 
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less square-shaped and posteriorly rounded in Dromiidae [note that the telson is not square in 
their Eureptantia, and it remains relatively wide Homolodromiidae]. Scholtz & Richter conclu- 
and rounded in primitive brachyuran taxa such as ded (p. 298) that the triangular telson found in 


Fig. 25. — Locking apparatus in Gecarcinidae and Mictyridae; A. B. Gecarcinus planatus Stimpson, 6 53 x 77 mm, Lower California 
(MNHN-B 13154): A, thoracic sternum, without abdomen: B. ventral surface of abdomen, without discernible sockets: C, D, Mictyris 
platycheles H. Milne Edwards, 6 13.3 x 12.3 mm, Australia (MNHN-B 16086): C. ventral view; D. detail of the crest on sternite 4 with 
two projections. Abbreviations: a6, abdominal segment 6: b, button: g, G1: pr. pair of projections on sternite 4; s.a., sterno-abdomi- 
nal cavity; t, telson; 4, 5, sternites 4 and 5. 
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most crabs can be regarded as “a secondary alte¬ 
ration perhaps related to the reduction of the 
pleon and the loss of the tail fan.” 

In Podotremata, the plesiomorphic nature of the 
male abdomen is demonstrated by the presence 
ol pleopodal (biramous or uniramous) rudiments 
on the somites 3-5 (most Homolodromiidae, all 
Dynomenidae, and a few Dromiidae). These 
same three families are characterized by presence 
of vestigial uropods, which are represented either 
by dorsal plates (all Dynomenidae, most 
Dromiidae) or ventral lobes (all Homolodro¬ 
miidae, and a few Dromiidae) (McLay 1993; 
Guinot 1993a, 1995). In the other podotreme 
groups (Homoloidea, Cyclodorippoidea, Rani- 
noidea, i.e. the Archaeobrachyura Guinot, 1977) 
and in all members of the Heterotremata- 
Thoracotremata assemblage, there is neither a 
trace of vestigial pleopods on somites 3-5 in 
males, nor a trace of appendagelike, platelike or 
lobelike uropods in both sexes (Table 3). The per¬ 
sistence of pleopods as rudiments on abdominal 
somites 3-5 in males could be regarded as related 
to the presence of vestigial uropods. In most of 
the Brachyura, the male abdomen becomes lim¬ 
bless, except for gonopods 1 and 2. 

In Brachyura, the role of the abdomen is very dif¬ 
ferent in the two sexes. Since the first two pairs of 
pleopods change (relatively) little at puberty in 
males, growth of the male abdomen is approxi¬ 
mately isometric throughout. The female abdo¬ 
men shows marked positive allometry in the juve¬ 
nile phase and a large increase in size at the 
puberty molt, which brings it to a functional size 
when it is required. Compared to the chelae in 
males which continue to grow, the female abdo¬ 
men is not an independent effector but can ope¬ 
rate only together with the sternum. Having 
attained an effective size at the puberty molt, the 
abdomen reduces its allometric growth, since any 
further disproportionate increase would for 
example make walking difficult (Hartnoll 1982: 
173). The female abdomen, in conjunction with 
the sternum, encloses a chamber that facilitates 
the fixation of the eggs to the pleopods and their 
protection during incubation. In many groups, 
during incubation, ovigerous females do not have 
their abdomen held closely against the thorax 
because it is displaced by the egg mass. 


Sterno-abdominal CAVITY 
In brachyuran crabs the thoracic sternum main¬ 
tains the ancestral metamery, at least in the region 
formed by somites 4-8, that is, corresponding to 
thoracopods 4-8 (= pereiopods 1-5). The sternal 
plate, which shows an isometric growth (Drach 
1959; Guinot 1979a), constitutes an essential 
part of the organism for phylogenetic studies. In 
accordance with configuration of the sternal 
plate, two major groups may be distinguished: 
the Podotremata and the Heterotremata- 
Thoracotremata assemblage. 

In Podotremata, the arthrodial cavities of the per¬ 
eiopods are not aligned (but, as in all Brachyura, 
they open laterally, instead of ventrally in macru- 
ran forms) and the sternum shows at least two 
different planes, the posterior part being tilted. 
The abdomen more or less fills up the entire 
width of the sternal plate, generally covering the 
space between the coxae of pereiopods, some¬ 
times extending over bases of the coxae, and is 
rarely narrower than the sternal plate (Dynome¬ 
nidae, Latreilliidae). There is not a true sterno- 
abdominal cavity, with defined margins, in most 
podotreme males. In the family Dynomenidae, a 
slight sternal depression, without defined bor¬ 
ders, receives the rather wide abdomen. Except¬ 
ions in the Podotremata arc the Cyclodorip¬ 
poidea, which have a relatively wide sternal plate, 
and also the (fossil) Dakoticancroidea. 

In podotreme females, a strong modification of 
the ventral surface occurs, with inclination of the 
coxae and modification of their internal surface, 
to form a wider space to receive the increased 
abdomen: this coxal zone becomes completely 
smooth and naked. 

In the Heterotremata-Thoracotremata assembla¬ 
ge, the whole sternum tends to form a plate in the 
same plane (the arthrodial cavities of thoracic 
pereiopods 1-5 are aligned) and to widen, some¬ 
times extensively. Metamery varies from having 
all sutures 4/5 through 7/8 parallel and complete 
in a narrow plate (plesiomorphy) to being more 
or less oblique and becoming partly or complete¬ 
ly interrupted in a broad plate (apomorphy). The 
ventral surface is excavated by a special depres¬ 
sion, with a shape that (more or less) corresponds 
to the abdomen. The abdomen folds down on it, 
completely covering the vulvae and pleopods, 
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except for rare cases. In the Thoraco-tremata, 
male sternal apertures also are covered. 

Two synapomorphies of the Heterotremata- 
Thoracotremata assemblage are: presence of a 
sterno-abdominal cavity with defined borders 
(present, however, in certain Cyclodorippoidea 
and in Dakoticancroidea); presence of a press- 
button, which is typical and remains practically 
unchanged in all eubrachyuran crabs. 

Carcinization 

In the process of carcinization (Borradaile 1916; 
Tiirkay 1986; Macpherson 1988; Lemaitre & 
McLaughlin 1995; Poupin & McLaughlin 1996; 
McLaughlin 1997) which leads to the crab-like 
form, i.e. the derived condition, diverse trends are 
correlated: reduction of the relative length of 
cephalothorax, specially broadening of the carapa¬ 
ce, front, buccal frame, branchial cavity, and ster¬ 
nal plate; reduction of the rostrum; folding of the 
antennules and antennae; general flattening of the 
cephalothorax leading to cephalic condensation 
with the sensorial organs in the same plane, and 
with modification of orbits and eyestalks; reduc¬ 
tion and folding of the abdomen and fusion of 
diverse pleomeres; partial loss of metamery on 
dorsal surface of the carapace and more signifi¬ 
cantly on the ventral surface; loss of pleopods 
(except for pairs 1 and 2) in males and of caudal 
furca in both sexes. Locomotion is no longer pro¬ 
vided by the abdomen but assumed by the thora¬ 
cic pereiopods. The strong reduction of the abdo¬ 
men and its “integration” to the body modifies the 
center of gravity of the animal. The thoracic ster¬ 
num broadens and forms a hard horizontal plate 
in a sort of shield, that in a way parallels the dor¬ 
sal carapace. In the medial part of the sternal 
plate, the excavation of a cavity, with delimited 
margins to receive the abdomen, constitutes an 
essential evolutionary step of carcinization. 
Intercalation of a wide sternal plate between the 
bases ol the legs induces a greater distance bet¬ 
ween the P5 coxae and gonopods, with the effect 
that the coxal sexual male openings (and penes) 
become far removed from the foramina at the 
bases of the gonopods. The moving (migration) 
of male gonopores to a sternal position, close to 
the median axis in the vicinity of gonopods, is a 
derived condition within the Brachyura as a 


whole and also within certain families. 
Depending on the transformation of the cylindri¬ 
cal shape to broad/compact and conical and 
increasing thoracic muscular mass, the endo- 
phragmal system significantly changes, its new 
organization contributing to the consolidation of 
the whole thorax, with concentration at the apex 
of its muscular attachment to, or suspension 
from, the carapace (Secretan in press). As a conse¬ 
quence of the reduction of the abdomen, the 
functional removal of the impeding abdomen, 
and as soon as all internal readjustments were 
completed with efficient reconstruction of the 
skeleton, enables a vast improvement in the 
mechanism of locomotion. These adjustments, 
that were overcome already in the Dromiacea, 
have produced the highly successful brachyuran 
group, whose bodies are adapted for efficient wal¬ 
king and running (Bauer 1989: 64, fig. 18). It is 
a matter of fact, the Brachyura show strong adap- 
tative radiation and dispersal to terrestrial and 
freshwater habitats (Glaessner 1957). 

Brachyuran radiations 

The three highest taxonomic units proposed by 
Guinot (1977), which express by their names the 
change in the position of gonopores, correspond 
grosso modo to the principal radiations in the 
Brachyura and can be documented paleontologi¬ 
cally from the beginning of their existence at least 
in the Early Jurassic to the present. 

The Podotremata became diversified in Middle 
and Upper Jurassic sediments. Their actual repre¬ 
sentatives are all marine, often inhabit deep 
waters and show a common tendency toward car¬ 
rying behaviour with the last pair(s) of legs 
(Guinot et al. 1995). 

A remarkable synapomorphy distinguishes all 
other crabs, that is, the Heterotremata- 
Thoracotremata assemblage: innovation of the 
female gonopores on the sternal plate, the vulvae, 
and loss of isolated spermathecae (Tavares & 
Secretan 1992). 

The most diverse groups of crabs, the Hetero- 
tremata, most of which survive to the present, is 
a product of Late Cretaceous-Early Tertiary. 
Their actual members show full development of 
all locomotory pereiopods (except for the Dorip- 
poidea and other small other groups such as 
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retroplumids and palicids). They are generally 
marine. Are excepted the true freshwater crabs: 
the diverse families and all representatives are 
heterotreme. It is to be noted that the families 
Hymenosomatidae (with some members adapted 
to freshwater environments), Goneplacidae, 
Hexapodidae, Pinnotheridae, and Cryptochiri- 
dae were recently attributed to the Heterotremata 
(Guinot & Richer de Forges 1997, table 1). 

The remaining crabs belong to the Thoracotre- 
mata, which are known from the Cenozoic. On 
account of the last revision of the classification by 
Guinot & Richer de Forges (1997), they are 
almost entirely composed of littoral and terres¬ 
trial species, all distributed in five families: 
Grapsidae, Gecarcinidae, Camptandriidae, Ocy- 
podidae, and Mictyridae. They are justly the 
forms which have successfully exploited a variety 
of aerial environments, with all necessary adjust¬ 
ments in physiology, behaviour, reproductive and 
developmental strategies (Bliss 1968; Burggren & 
McMahon 1988). They are the result of comple¬ 
te carcinization allowing advantageous locomoto- 
ry adaptation such as fast running, prolonged 
walking on land (migration), tree-climbing, bur¬ 
rowing. Thus it is noteworthy that the classifica¬ 
tion based on morphological characters fits with 
the ecological and behavioural (ethological) 
habits. Because of their recent appearance the 
Thoracotremata have had relatively little time for 
radiation and probably exemplify only the early 
stages of evolution of their terrestrial competence. 

Abdominal retaining by the limbs 
In the podotrematous families Homolodromii- 
dae, Dromiidae, Homolidae, and Poupiniidae, 
abdominal retention (when existing) is achieved 
by diverse means that involve various appendages 
(Mxp3, P1-P2, sometimes even P3). The struc¬ 
tures overhang the abdomen or are coaptated 
with its margin (Tables 1, 2), prevent it being lif¬ 
ted up. In addition to retention by the limbs, the 
Homolidae and Poupiniidae display a press-but¬ 
ton system (homolid press-button): both systems 
may act simultaneously. But, in the more advan¬ 
ced homoloid family Latreilliidae, retention by 
the coxae of appendages was lost, and only the 
press-button system is effective. 


In the family Dynomenidae, only primitive 
representatives have their abdomen restricted in 
its lateral movements by coxal structures of the 
second pair of pereiopods. The more advanced 
dynomenid species similarly restrict sideways 
movements of their abdomen but by a sternal 
structure. 

The Raninidae have no retaining apparatus. An 
exception is the subfamily Lvrcidinae, where the 
pereiopods do not play any role: instead a sternal 
structure arising from sternite 3 acts with a socket 
on pleomere 6. 

In the Cyclodorippoidea, which possess a relati¬ 
vely wide sternal plate and have their abdomen 
far removed from the coxae of the pereiopods, the 
appendages are never involved. Special retaining 
devices, with structures located on the sternum, 
exist in the families Gyclodorippidae (coaptation 
by engagement) and Phyllotymolinidae (block 
system). 

In specializing the brachyuran model, the evolu¬ 
tionary process has provided an abdomen that is 
far removed from the coxae of the pereiopods and 
is completely placed on the wide sternal plate. 
This results in a “migration” of retaining elements 
on to the thoracic sternum, and particularly from 
P2 coxa on to sternite 5 (a transformation series 
found within the family Dynomenidae). Thus is 
explained the emergence of a pair of prominences 
on the sternite corresponding to P2, i.e. ster¬ 
nite 5. 

In the advanced Podotremata and all 
Eubrachyura, the thoracopods are no longer 
involved: they become free from all functions 
other than locomotion and may be active for 
other purposes. 

In the Podotremata that are considered as the 
most primitive, viz. Dromiacea and Homoloidea 
(except Latreilliidae), the abdomen is retained by 
thoracopods (Mxp3 through P3), movements of 
which are very important in that retaining sys¬ 
tem. At the level of P2-P3 the thoracic sternum 
presents characteristic depressions, already obser¬ 
ved in the Homolodromiidae. These sterno-coxal 
depressions (Guinot 1995) allow coxae of the legs 
to easily slip inside during their movement and to 
swivel up on their condylar articulation with 
increasing amplitude. 

Sterno-coxal depressions are present in all 
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Homolodromiidae, Dromiidae (exceptions are 
very rare: Pseudodromia , Ascidiophilus), all Dyno- 
menidae, all Homolidae, and in the Poupiniidae 
(Figs 5D, 7A, 7D, 9C). It is remarkable that they 
are absent in the Latreilliidae, where the pereio- 
pods do not play any role and the fixation is 
exclusively secured by the press-button on sterni- 
te 4 (Fig. 9D). Sterno-coxal depressions also lack 
in all brachyuran crabs in which pereiopods are 
no longer involved in retaining, that is in all 
Eubrachyura. A conclusion may be drawn: a 
strict correlation exists between the involvement 
of pereiopods (P2-P3) and the presence of such 
sterno-coxal depressions, exemplified by the dif¬ 
ferent patterns found in the two related families 
Homolidae and Latreilliidae. 

Modifications occur in the abdomen in relation 
to the retaining apparatus by the limbs. 
Abdominal segment 6 may be markedly modi¬ 
fied. On the one hand, in Podotremata it is 
directly in contact with a differentiated structure 
on the pereiopods: either it is remarkably 
constricted, for example in Dromia monodi 
(Fig. 3A), or its external edge is thickened and 
hollowed for example in Lauridromia dehaani 
(Fig. 2A, B), L. intermedia (Fig. 2C), 
Hemisphaerodromia monodus (Fig. 3C, D), and 
Exodromidia spinosa (Fig. 3D). On the other 
hand, a transformation occurs when the appen¬ 
dagelike uropod becomes a sexually dimorphic 
dorsal plate (most Dromiidae, all Dynomenidae) 
and particularly when it has evolved into a soc¬ 
ket, which is a major event (Homoloidea, 
Lyreidinae, practically all Eubrachyura) (see 
Hypothesis about the homology uropod-socket). 
The telson also may be significantly modified: for 
example the deep notch on its external edge in 
the dromiid Lauridromia dehaani , the long and 
sexually dimorphic spine at its tip in the dromiid 
genus Exodromidia , its base (pleotelson) with a 
very thin edge in the cyclodorippid genus 
Clythrocerus. In the Homoloidea the telson plays 
a role in abdominal retention and is inserted bet¬ 
ween maxillipeds: it is either overhung by 
(Fig. 8D) or fits into Mxp3 (sometimes there is a 
combination of these two modalities), with 
modifications occurring in its general shape and 
on its external margin (Figs 8B, C, 9B). 


Fastening and unfastening 

The musculature of abdomen, well studied in 
Cancerpagurus (Pearson 1908), in Carcinus mae- 
nas (Daniel 1931) and in diverse species 
(Abrahamczic-Scanzoni 1942), consists of a pair 
of dorsal extensor muscles and a pair of ventral 
flexor muscles for each segment. The musculature 
pattern depends on the number of segments, 
either all free or diversely fused, and also varies 
with respect to sex. In crabs with a press-button, 
the abdomen is attached at the level of 
pleomere 6, which limits general movement of 
preceding segments. The telson alone, sometimes 
very movable, is capable of freely moving around 
its articulation with pleomere 6. This configura¬ 
tion enables the telson to be moved alone, for 
example while defecating, since the anus opens 
on the telson (for a discussion on telson and anal 
segment, see Schram 1986: 7). 

In the literature concerning brachyuran crabs, 
cases of unfolded or extended abdomens are 
generally only mentioned during mating. In the 
course of their numerous experiments on living 
Pachygrapsus marmoratus and Carcinus maenas , 
respectively, Vernet-Cornubert (1958) and 
Demeusy (1958) (who took the locking systems 
into account in the two sexes) do not indicate 
cases of unfolded abdomen except for the mating 
process. When the abdomen is experimentally 
unfastened, action to refasten it on to buttons is 
not immediate; in Carcinus maenas it needs a few 
seconds to two hours (Kollmann 1937: 80). 

It is obvious that, in the natural posture, proba¬ 
bly the resting position, the abdomen is closed 
and attached to the thoracic sternum. The ques¬ 
tion is to know whether mature males unfasten 
their abdomen at a time other than the mating 
process (including pre- and post-copulatory per¬ 
iods) and also for the exuviation. The young male 
and the female before the moult of puberty per¬ 
haps do not need to move their abdomen for any 
purpose. In fact the abdominal flexing is poorly 
studied in the Brachyura. 

Abdomen flapping in males is, to our knowledge, 
generally reported at the period of copulation 
(Watson 1970, 1972; Hiatt, 1948; Hinsch 
1968). Laboratory observations on mating beha¬ 
viour of Chionoecetes bairdi indicate that the crab 
may repeat several times the action of lowering its 
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abdomen, holding it open for a few seconds and 
then flexing it upward to a fully closed position 
(Donaldson & Adams 1989: 44, tables 1, 5). 
These authors report that males and females nor¬ 
mally flap their entire abdomen while defecating. 
But a movement of the telson alone might be suf¬ 
ficient. Movements involving abdomen extension 
are probably required during the procedures of 
species recognition and courtship. It is not sur¬ 
prising that, at least in certain species, flapping is 
an action performed during reproductive beha¬ 
viour. For example periodic flexing of the male 
abdomen was observed during the grasping of 
females in Chionoecetes opilio (Watson 1970: 
1612). It was demonstrated that sacculinized 
Rbitbropanopeus barrisii (Gould) showed an 
abdominal flexing response when exposed to cer¬ 
tain peptides, similar to the pheromones released 
by the eggs just before hatching (de Vries et al. 
1989). Rhizocephalan-parasitized Hemigrapsus 
sanguineus (de Haan) flex their abdomen with a 
waving action, while the saccuiinid releases nau- 
plii (Takahashi et al. 1997: 159). 

Flapping has another function in mature and ovi- 
gerous females (Bauer 1989: 66) than in males, 
and special pheromones seem to induce abdomi¬ 
nal flapping in ovigerous females. It may be asked 
whether abdomen fixation is permanent for pre¬ 
pubertal males and females. It was hypothesized, 
already by Perez (1928a: 462), that females of 
Carcinus maenas naturally unfasten the abdomen 
during the moult, notably at puberty moult, just 
before mating (the male attends the female until 
she moults, after which they mate immediately). 
This is effectively possible in all species in which 
mating females mate only while soft, as in 
Carcinus. In the case where a hard female mates, 
the mature female does not need to unfasten its 
abdomen since it is not fixed. A similar behaviour 
pattern, viz. an active involvement for abdomen 
detachment, is necessary for males of all brachyu- 
ran crabs since they copulate only while in the 
fully hardened condition (Hartnoll 1969). The 
only way to fasten and unfasten the abdomen 
seems to be by a postero-anterior movement. In 
living crabs the experimental unfastening is gene¬ 
rally very difficult. 

In leucosiids, the abdomen adheres to the sternal 
plate in males and, to the highest degree, in 


mature females. Its detachment probably necessi¬ 
tates a physiological mechanism when copulating 
with a hard female, perhaps a local decalcification 
(Drach 1939, 1955, unpublished data). Hartnoll 
(1969: 168) indicates that, in Pbilyra, copulating 
females are presumably not very recently moul¬ 
ted: when the female “eventually extends her 
abdomen he [the male) rapidly moves so as to 
face her, and mating occurs. ’ 

The abdomen, in conjunction with the sterno- 
abdominal cavity, serves to cover (with some rare 
exceptions) the first two pairs of gonopods, 
which act for the sperm intromission during 
copulation, and the female pleopods before the 
puberty molt. It provides a protection for the 
apertures of spermathecae in the Podotremata, 
for vulvae in the Eubrachyura (with some rare 
exceptions), and generally for the penes, either 
coxal or sternal. It is clear that inclusion of the 
abdomen between the pereiopods or in a special 
cavity obviates its possible impeding movements 
during swimming, burrowing or walking. In the 
great majority of specimens examined the sterno- 
abdominal cavity was clean, which certainly 
proves a perfect seal. Brachyuran crabs lack gene¬ 
ral body cleaning but still remain quite clean 
(Bauer 1981, 1989). 

The case of the family Leucosiidaf: 

In leucosiids such as Leucosia a first consideration 
is the absence of any socket on abdominal seg¬ 
ment 6 (Fig. 19D). This pleomere is very elonga¬ 
te and has its whole length located on sternite 4. 
The abdomen is fixed by a system that conspi¬ 
cuously differs from the typical press-button. The 
sternite 5 is prolonged into a spur that perfectly 
enters a notch of the abdominal margin between 
segments 5 and 6. The spur is often completed by 
analogous protrusions of sternites 6 and 7. The 
leucosiine spur appears as an autapomorphy for 
the most advanced leucosiid taxa. It would be 
interesting to verify whether simple coaptations 
by engagement (Fig. 18) found in primitive 
representatives (Ebaliinae, Cryptocneminae, 
Philyrinae pro parte) are correlated to coxal male 
gonopores and whether a coaptation by assem¬ 
blage with a spur tends to occur in advanced 
representatives with coxo-sternal male gonopores 
(Philyrinae pro parte , Leucosiinae, see the penis in 
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Fig. 19C, p). Ir is noteworthy that this particular 
kind of coaptation occurs in the advanced family 
Leucosiidae, characterized by a pronounced 
cephalic condensation. 

Failures, loss or absence of holding 

APPARATUS 

The absence of a morphological holding appara¬ 
tus is rare in Brachyura. 

Certain Podotremata do not present any special 
holding structures. Our investigations, however, 
have shown the existence of some particular 
devices. The shell-carrying Hypoconcha arcuata 
and H. panamensis and the Cymonomidae have 
their abdomen simply bent at right angles, with 
only its posterior part being normally applied 
against the ventral surface. Burrowing Raninidae 
have a very short abdomen: anterior segments are 
in prolongation with the carapace and the post¬ 
erior ones not flexed, which does not allow a fas¬ 
tening. Nevertheless a firm locking is found in 
the subfamily Lyreidinae (Fig. 1 1), the abdomen 
of which is a little longer, narrower, and better 
included between the legs than in other raninid 
subfamilies. 

Some Heterotremata lack a locking press-button 
or show a dysfunction of the mechanism 
(Table 3). This essentially concerns crabs having 
a narrow thoracic sternum, with sutures 4/5 
through 7/8 grosso modo parallel and continuous, 
and with a developed median line. Their sterno- 
abdominal cavity is either absent or hardly/weak¬ 
ly defined. This configuration appears to be rela¬ 
ted to the character state “short abdomen”, that 
gives rise to a gap between the two parts usually 
involved, i.e. sternite 5 and pleomere 6. A remar¬ 
kable consequence in females is that the vulvae 
remain exposed on the sternite 6. The putative 
consequence manifests itself in diverse manners: 
Case 1. No apparent structures (no buttons, no 
sockets): Corystes, Pseudocorystes, Jonas, and 
Gomeza (but, at least in G. bicornis, a very short 
sterno-abdominal cavity is present posteriorly, 
and closing is provided in particular by a bending 
of the posterior part of the abdomen). These four 
genera belong in the family Corystidae (Fig. 12A, 
B, D, E). 

Case 2. Presence of acute and posteriorly directed 
hooks close to suture 5/6, but located so far from 


the abdomen that locking is not possible: 
Nautilocotystes (Fig. 12C), which belongs in the 
Corystidae. Absence of sockets in postlarval 
forms and in juveniles needs to be confirmed. 
Case 3. Presence of both differentiated sternal 
tubercles and abdominal sockets. But in certain 
variably sized adult individuals a non-correspon¬ 
dence occurs between the two parts, that became 
separated by a gap: Atelecyclus rotundatus 
(Fig. 13A, B), and Peltarion (Fig. 14A). The 
mechanism was effective only in some of the 
individuals. The loss was apparently not related 
to size as shown by examining about thirty male 
specimens. Atelecyclus and Peltarion belong to the 
primitive family Atelecyclidae, in which a true 
sterno-abdominal cavity, however, is present 
(unlike the Corystidae). 

Case 4. Asymmetry in disposition caused by a 
gap between the two structures on one side of the 
body. In Trachycarcinus (Fig. 13D) the mecha¬ 
nism generally functions, but a dysfunction 
occurs in old male individuals with one heavy 
chela. 

In addition, the case 1 is also found in crabs in 
which the thoracic sternum widens, with all the 
sutures interrupted: Orithyiidae. A sterno-abdo¬ 
minal cavity is present, which is elongated but 
not covered by the short abdomen, so that the 
vulvae remain exposed in females. 

The case 2 is also found in crabs having a wider 
thoracic sternum, with all the sutures interrup¬ 
ted, but with a “too short” abdomen: Bellia picta 
(Fig. 14B, C) in the family Belliidae. Despite the 
presence of both prominences and sockets, there 
is no possibility of locking. It is to be noted that 
the mechanism works in young females. The vul¬ 
vae are always exposed in females of this species. 
The non-coincidence of the locking structures 
occurs in the shorter abdomen of Bellia , that is, 
in the most primitive representative of the family 
Belliidae and a typical burrowing form. The two 
other genera of the family ( Acanthocyclus and 
Heterozius), with a well-excavated sterno-abdomi¬ 
nal cavity, a longer abdomen, and “normal” vul¬ 
vae, have a functional press-button: they are more 
carcinized and advanced forms, not so specialized 
for burrowing activity (note that Heterozius is 
free-living but often is found deeply burrowed 
under boulders, C. L. McLay pers. com.). 
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In the family Thiidae, also rather primitive, the 
abdominal locking does not seem to be very firm. 

In conclusion, the primitive condition in all the 
preceding families is confirmed by the failure of 
the locking system (complete or partial absence 
of structures or non-correspondence between 
sternal and abdominal structures), even at the 
individual level. This plesiomorphic state seems 
to mainly characterize burying or burrowing 
heterotrematous forms. 

In the Pinnotheridae a press-button was observed 
only in hard-shelled stages, that may bear a large 
knob on sternite 5 and a smaller one on sterni- 
te 6, which is very unusual; the soft-shelled stage 
seems to be devoid of any morphological struc¬ 
tures. In the Cryptochiridae, or gall crabs, no 
trace of an apparatus is visible. That recalls the 
commensal dromiids Pseudodrornia and 
Ascidiophilus (their body is enclosed in an asci- 
dian) where also lacks an abdominal retaining 
mechanism. Absence of any morphological appa¬ 
ratus seems to be related to the protection affor¬ 
ded by the host. 

A crucial question is to determine where the 
press-button has been established in the hetero- 
treme lineage, since sternal prominences combi¬ 
ned with sockets are an innovation of the 
Eubrachyura (for the case of the Homoloidea and 
the Lyreidinae, see below). An investigation of 
corystid and atelecyclid fossil genera probably 
would give good results concerning the common 
ancestor. It is likely that the ancestral condition 
in corystids was with a complete apparatus. 
Within the Thoracotremata, the press-button is 
very efficient in diverse groups (Grapsinae, 
Plagusiinae, Camptandriidae for example) but 
tends to become reduced, obsolete and non-fonc- 
tional (Varuninae, Sesarminae), or completely 
disappears in the most advanced taxa (essentially 
in the Ocypodidae). The abdomen is no longer 
fastened but, however, remains applied against 
the sternal plate in the rather deep sterno-abdo- 
minal cavity. 

The most primitive Thoracotremata are the grap- 
sid subfamilies Grapsinae and Plagusiinae, with 
the male gonopore adjacent to the P5 coxa 
(Guinot 1979a, fig. 52A-C): they have an efficient 
press-button. All of them are truly marine forms, 


either shore crabs (rock crabs) or largely aquatic 
(Percnon ), with the exception of some Geograpsus 
species which show terrestrial adaptations. The 
monophyly of either of these two families is well- 
supported by their locking systems (the status ol 
certain grapsine genera perhaps needs to be re- 
evalutated). 

The Sesarminae, in which the proximity of the 
gonopore varies from very close to P5 coxa to 
rather far away (Guinot 1979a, fig. 52D, I, J), 
have a press-button which is either normal and 
effective or inefficient beyond a certain size, or 
completely lost. The Varuninae, in which the 
gonopore is more or less far on sternite 8 (Guinot 
1979a, fig. 52F-H), obviously do not form a 
monophyletic group: many representatives show 
a press-button which tends to be lost. It would be 
interesting to compare the reduction/loss of the 
locking systems with regard to the lifestyle 
(Burggren & McMahon 1988). 

In the Camptandriidae (Guinot 1979a, 
fig. 53C), that certainly is a monophyletic group, 
the press-button configuration is very homoge¬ 
neous, with an effective mechanism that persists 
throughout life in males: note that their pleopods 
are not very chitinized. 

The Gecarcinidae, with a gonopore either close 
to the P5 coxa or only a little away (Guinot 
1979a, fig. 54A-D), may show a button but no 
defined socket. It is noteworthy that Epigrapsus 
politus, which has a less terrestrial habitat than the 
rest of the family, has a strong apparatus in 
contrast with the others where the locking is not 
effective. 

The Ocypodidae, in which the gonopore is sternal 
and in relation to suture 7/8 (Guinot 1979a, 
figs 53A, B, D, 54E), are more advanced than 
Grapsidae. The Macrophthalminae and the 
Dotillinae (= Scopimerinae) have a press-button 
which is more or less efficient, depending on gene¬ 
ra/species. In contrast, the Ocypodinae, some of 
which have vestigial but inefficient buttons, and 
the Heloeciinae seem to never retain their abdo¬ 
men by this device. Uca also seem to have, at least 
in the examined preserved material, their abdomen 
only loosely applied. The pair of carinae on sterni¬ 
te 4, that characterizes the subgenus Minuca for 
example, constitutes a new kind of apparatus. In 
Mictyridae, in which locking by a press-button is 
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no longer possible (Guinot 1979a, fig. 29), the 
large abdomen seems to be not firmly retained, 
even in the species (Mictyris platycheles) which 


develops a new kind of retention on sternite 4 that 
restricts lateral movement of the abdomen in its 
posterior part. 



Fig. 26. — Photographs with the scanning electron microscope; A, B; Pinnotheres pisum (Linne), 6 4.7 x 4.6 mm, at the hard stage, 
La Rochelle (MNHN-B 10604): A. button; B, socket; C. D. Austinograea alayseae Guinot, d 25.3 x 39.6 mm, Pacific Ocean, Lau 
back-arc Basin, BL 10, 1750 m (MNHN-B 24055): C. button: D. socket; E. detail of the granular zone on sternites 5 and 6 of Uca 
( Minuca) rapax (Smith), <S 15 x 23 mm, West Indies (MNHN-B 22540); F. button of Plagusia immaculata Lamarck, 6 29.1 x 30.7 mm, 
Pondichery (MNHN-B 11702). Abbreviations: a6, abdominal segment 6: t. telson; 5. sternite 5. Scale bars: A, 10 pm; B-D, F, 100 pm; 
E, 1 mm. 
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This suggests the following remark. The Thora- 
cotremata forms that became independent from 
the sea (including those occurring intertidally but 
with frequent aerial exposure, or living supratidal- 
ly, or being adapted to life on land) show a trend 
not to fix their abdomen by a press-button appa¬ 
ratus and to replace it with another system. 

Microstructure 

Investigations with the scanning electron micro¬ 
scope are in progress (J.-M. Bouchard) with the 
aim to point out the presence of microstructures 
on sternal prominences and sockets. At the pre¬ 
sent time, with a sample of representatives taken 
from about fifteen brachyuran families, a great 
variety of microstructures has been discovered on 
the buttons, differing in relative size, orientation, 
general shape, detailed morphological features, 
ornamentation, and setae. These preliminary 
results permit the following first comments. 

The microstructures of the sternal prominences 
might represent a valuable criterion at the generic 
level (for example in the Lyreidinae they distin¬ 
guish the two genera Lyreidus and Lysirude), and 
hypothetically at higher levels. They are an indi¬ 
cator of sex (being present in males and beco¬ 
ming modified in females), puberty moult (at 
least in females), and the age of individuals. For 
example in Lysirude channeri the hooks of the loc¬ 
king projections are well-developed in males and 
blunt or even obsolete in females (Fig. 11C, D). 
The variety of patterns shown by the promi¬ 
nences is exemplified by Figs 10D (Homolidae), 
26A (Pinnotheridae), 26C (Bythograeidae), and 
26F (Grapsidae Plagusiinae). It is obvious that 
microstructures improve the contact between 
involved surfaces, enhance the assemblage of 
both parts and increase efficiency of the locking 
mechanism. It is noteworthy that microstructures 
were observed as well among the Podotremata, in 
the Lyreidinae (sternal projection from sternite 5) 
and in the Homolidae (homolid press-button on 
sternite 4), as in the Heterotremata-Thoracotre- 
mata assemblage (typical press-button on sterni¬ 
te 5). These microstructures might be accepted as 
valid indicators of phylogenetic affinities, i.e. 
synapomorphies, except if they are suspected of 
reflecting convergence. 

Investigations concerning the microstructures of 


the sockets might similarly be taken into account: 
different patterns in orientation, shape, and 
depth have already been observed (Fig. 26B, D). 

The abdominal retaining mechanism as a 

PHYLOGENETIC CRITERION 

The determination of what might be the primiti¬ 
ve or advanced mode of abdominal retaining 
mechanism among Brachyura is basically a matter 
of functional character polarity assessment. The 
method of outgroup analysis is not informative. 
In advanced Decapoda a general trend toward 
protection of abdomen is observed. “Macruran” 
forms and some galathcid possess strongly calci¬ 
fied abdominal tergal plates; paguroids have their 
long and soft abdomen sheltered inside a gastro¬ 
pod shell or protected inside wood; crablike por- 
cellanids, lithodids and lomoids show abdominal 
reduction and flexion beneath the body, without 
any apparent retaining structures. In contrast, bra¬ 
chyuran crabs fold their reduced abdomen and 
obviate its possible impeding movements in two 
basic ways: a holding by the thoracopods and/or a 
locking by a press-button system (homolid press- 
button and typical press-button). 

In utilizing the method of ingroup analysis, hold¬ 
ing by the limbs would indicate that this mode of 
operation is the most primitive. In Podotremata 
the retaining type that is used, with its detail, 
may offer a reliable criterion in recognizing podo- 
treme families. Careful study of the evolution of 
the form of both sockets and buttons, with uni¬ 
formity in general shape, position, and function 
indicates that the press-button is a very successful 
mode of abdominal holding. This uniformity 
within the wide diversity of bodies in the 
Eubrachyura probably shows that the press- 
button is the most efficient use of their energy 
resources in order to achieve locomotion, repro¬ 
duction and other functions. The retaining or 
locking mechanism is an almost constant feature 
in Brachyura. Its absence in diverse advanced 
Thoracotremata is considered to be the result of 
a secondary loss: its replacement by an alterna¬ 
tive method remains to be explained. 

In the Podotremata a sternal differentiation evol¬ 
ved independentely in several lineages: dynome- 
nid, homoloid, lyreidine, cyclodorippoid (cyclo- 
dorippid and phyllotymolinid). 
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Some of the dynomenids {Acanthodromia, Para- 
dynomene, Dynomene pro parte exemplified by 
D. tanensis) have coxal structures on P2 (plesio- 
morphy), but several of them (typical Dynomene, 
with D. hispidd) have acquired a sternal structure 
(apomorphy). Despite the links Dromiidae/ 
Dynomenidae within the Dromioidea, advanced 
dynomenids display an innovation with regard to 
dromiids in which the structures always depend 
on limbs. In these dynomenids the pair of sternal 
differentiations is positioned on thoracic somite 5 
(more precisely on episternite 5) just facing the 
large dorsal uropods. In dynomenids, neither 
abdomen nor uropods arc modified (whereas in 
dromiids the abdominal or uropodal border is 
ventrally or laterally modified). Modification of 
coxal structures into sternal structures is a conse¬ 
quence of the significant broadening of thoracic 
sternum (Figs 6, 7). These coxal or sternal struc¬ 
tures are similar in their morphology and connec¬ 
tion with abdomen (in overhanging, touching or 
lying quite apart from the abdominal margin) 
and play the same role in restricting its lateral 
movement at the very most. The dynomenid ster¬ 
nal structure has the same location, on sternite 5, 
as the button in the typical press-button of the 
Eubrachyura, but the involvement of the abdo¬ 
men appears as quite different. In dynomenids it 
is not a press-button system: the abdomen is only 
loosely applied on the sternum and is only res¬ 
tricted in its sideways movements. An essential 
point is that the abdominal part (uropod inclu¬ 
ded) is never modified in the dynomenid confi¬ 
guration. Such a combination is not inconsistent 
with the idea that sockets (in Homoloidea and 
Eubrachyura) are issued from uropods. 

In brief, within the Brachyura a sternal structure 
has appeared: 

- Once in Dynomenidae (sternite 5), without 
sockets. 

- Once for all the Homoloidea (sternite 4): the 
homolid press-button is practically similar in the 
three families (Homolidae, Latreilliidae, Poupini- 
idae) and exhibits microstructures. The pair of 
sockets hollowed on abdominal segment 6 shows 
a configuration similar to sockets of the typical 
press-button in the Heterotremata-Thoracotre- 
mata assemblage. 

- Once in the Raninoidea, but in a single subfa¬ 


mily, the Lyreidinae (sternite 5), with sockets. 
The concerned somite is the same as in dynome¬ 
nids and in the Heterotremata-Thoracotremata 
assemblage. Locking is very efficient, even in 
females with eggs. 

— Twice in the Cyclodorippoidea (sternite 6), 
probably separately in the Phyllotymolinidae and 
in the Cyclodorippidae. But no corresponding 
sockets exist, the telson being involved in locking 
by its movements along the sternal structures. 
Locking is very efficient. 

- Once in the Eubrachyura (sternite 5), with soc¬ 
kets. 

Two synapomorphies for the Heterotremata- 
Thoracotremata assemblage are: presence of a 
sterno-abdominal cavity, with delimited borders 
(present, however, in Cyclodorippoidea and in 
Dakoticancroidea), but not evolved in the most 
primitive families; presence of a press-button, 
which is typical and remains practically unchan¬ 
ged in all eubrachyuran crabs. 

The novelty with a sternal differentiation has 
appeared independently several times within the 
Brachyura: five times in the Podotremata, and 
only once in the Heterotremata-Thoracotremata 
assemblage. The question of a common origin for 
both Lyreidinae and Eubrachyura needs further 
consideration. 

Within the Brachyura a socket has appeared three 
times: in Homoloidea, Lyreidinae and Eubra¬ 
chyura. Again, the question of a common origin 
for both Lyreidinae and Eubrachyura is highligh¬ 
ted. The condition in Eubrachyura, with a typi¬ 
cal press-button on sternite 5, is not regarded as 
having evolved from a primitive stage as in dyno¬ 
menids or homoloids for example. 

The abdominal retaining mechanism used 
AS PALEONTOLOGICAL DATA 
The nature of fossil material does not preclude 
observation of the abdominal retaining/locking 
systems. When the coxae of pereiopods and ante¬ 
rior sternal plate are preserved, it could be easy to 
see if any process overhangs the telson and how 
the uropods (if present) may be involved. It can 
be deduced whether we are dealing with a podo- 
trematous crab or not, and also to decide whether 
it is a homolodromiid instead of a homolid. 
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Projections arising from sternite 5 are present in 
several raninid fossils, for example in the 
Lyreidinae ( Lyreidus succedanus, L. rosenkrantzi , 
L. bispinulatus, and Rogeus orrt), but information 
is lacking on structures that might allow locking 
with sockets on pleomere 6, such as the hooks in 
the extant Lyreidus and Lysirude. A careful com¬ 
parison with representatives of the exclusively fos¬ 
sil subfamily Palaeocorystinae, for example 
Notopocorystes stokesii (Mantell, 1844), is necessa¬ 
ry. 

In the case of an apparatus of the press-button 
type, the two parts are normally not visible when 
the abdomen is folded. But, in published illustra¬ 
tions, apparent sternal buttons can be clearly 
observed when the abdomen is lost or displaced. 
In Ophthalmoplax stephensoni Rathbun, 1935 
(pi. 13, fig. 14), indicated as a female, two 
tubercles on sternite 5 seem to correspond to the 
buttons. 

Male specimens of Xanthopsis dufourii (H. Milne 
Edwards, 1850) and Harpactocarcinus souverbiei 
A. Milne Edwards 1862, Lobocarcinus paulino- 
wurtembergensis von Meyer, 1847, all three lrom 
the Lutetian, that were examined, have visible 
sternal prominences (Bouchard 1996, pi. 6, 
fig. 3a-c). 

Fossil representatives of the family 
Retroplumidae, lor example Costapluma concava, 
C. salamnnca , and C. nordestina which have their 
ventral surface preserved, show marked lateral 
expansions on pleomere 6 and a notch on sterni¬ 
te 4, thus a mechanism similar to that of extant 
species and probably efficient indeed. 

Fossil leucosiids clearly exhibit the special fea¬ 
tures of their abdomen, fused with the sternal 
parts (Rathbun 1926, pi. 11). Morris & Collins 
(1991, figs 17b, 18, 24b) have shown Neogene 
leucosiids in which the spur on sternite 5 is clear¬ 
ly visible in a Leucosia species, but absent in two 
Ipbiculus species. 

The special structures shown by fossil brachyuran 
crabs deserve to be extensively studied. 

Hypothesis about the homology uropod- 
socket 

For Hessler (1983: 157, fig. 6) evolution of the 
eumalacostracan (caridoid) abdomen from that 
of a phyllocarid through fusion of the seventh 


original abdominal segment to the sixth occurred 
in concert with the evolution of the tail fan. He 
suggested that the sixth pleopods have evolved 
into uropods because they were the most poste¬ 
rior appendages. Uropods combined with telson 
to form the tail fan are present throughout the 
Decapoda [for other crustacean groups see 
Schram (1974) and Wilson (1996). Exceptions 
are the Lithodidae (uropods lost in males and 
females) and the Lomoidea (uropods reduced in 
females, lost in males) (Balss 1940; McLaughlin 
1983a, b; Gruner 1993); all of these have essen¬ 
tially a flexed abdomen. There is obviously a 
functional significance to loss of uropods. 

It is generally said that the uropods are lost in all 
Brachyura, except in the Dromiacea where they 
remain as vestiges. In establishing the new taxon 
Meiura (= reduced tail) to include the two mono- 
phyletic groups Anomura and Brachyura, Scholz 
& Richter (1995) have not stressed the important 
difference regarding the biramous uropods, pre¬ 
sent in (almost) all Anomura and always absent 
in Brachyura. Thus the character furnished by 
uropods in the most primitive crabs takes on 
great importance, and their role in abdominal 
retention deserves consideration. We attempt to 
demonstrate here that the socket hollowed on the 
sixth abdominal segment in brachyuran crabs is 
directly derived from the uropod. 

Perez (1928b: 649; 1929: 1145) has noted the 
resemblance between pagurids, which grasp and 
hold on to the shell’s columella with their develo¬ 
ped uropods, and dromiids which hold their 
abdomen with their vestigial dorsal uropods. He 
pointed out that the condition of Dromia may be 
a stage in evolution of the higher brachyuran 
condition. He concluded that in higher crabs the 
socket which allows fastening is perhaps “ le der¬ 
nier vestige de I’uropode evanoui" (last vestige of 
the disappearing uropod). Hartnoll (1975: 16), 
Guinot (1979a: 156) and Guinot & Richer de 
Forges (1997: 472) adopted the idea of a homo¬ 
logy between the uropod and the socket. Even if 
the socket may be regarded as homologous with 
the uropod, we do not think that it is directly 
evolved from the dromiid dorsal uropod. 

This homology is supported by several argu¬ 
ments: 

— All the Podotremata which have vestigial uro- 
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Table 3. — Uropod patterns in Brachyura (in comparison to the 
biramous uropods in other Decapoda). 


Taxon 

Uropod pattern 

PODOTREMATA 

Homolodromiidae 

ventral lobes 

Dynomenidae 

dorsal plates 

Dromiidae 

dorsal plates 

Exceptions: 

- Hypoconcha 

ventral lobes 

- Exodromidia 

ventral lobes 

- Pseudodromia 

ventral lobes 

- Ascidiophilus 

absent 

Homolidae 

sockets 

Latreilliidae 

sockets 

Poupiniidae 

sockets 

Cynomonidae 

absent 

Cyclodorippidae 

absent 

Phyllotymolinidae 

absent 

Raninidae 

absent 

Exception : 

Lyreidinae 

sockets 

HETEROTREMATA (*) 

sockets 

Exceptions: 

Corystidae 

absent 

Orithyiidae 

absent 

Cryptochiridae 

absent 

Leucosiidae 

absent 

THORACOTREMATA 

sockets 

Exceptions: 

Grapsidae Sesarminae (pro parte ) 

absent 

Grapsidae Varuninae (pro parte ) 

absent 

Gecarcinidae (pro parte ) 

absent 

Ocypodidae (pro parte ) 

absent 

Mictyridae 

absent 


* Note that certain genera in the family Hymenosoma- 
tidae have dorsal platelets ventrally hollowed in deep 
sockets. 

pods (dorsal plates or ventral lobes) are devoid of 
sockets (Dromiidae, Dynomenidae, Homolodro- 
miidae), i.e. the Dromiacea. 

— All the Homoloidea, which have no trace of 
appendagelike or dorsal or lobiform uropods, 
possess sockets (homolid press-button), as well in 
the primitive family Poupiniidae as in the most 
advanced one, the Latreilliidae. 

— All (or nearly all) brachyuran crabs that always 
lack uropods possess sockets. Among the 
57 families reviewed here the press-button cha¬ 
racterizes 46 families. 

— Examples of brachyuran crabs devoid of both 


uropods and sockets are very rare: the Raninidae 
(Lyreidinae excepted) and the Cyclodorippoidea 
(Table 3). 

— Dorsal uropods, even when utilized in dromiids 
for abdominal retention, never bear a socket ven¬ 
trally: they operate as a full-lock system and not 
as a press-button. 

As previously said, it is accepted that the dorsal 
plates seen in the great majority of dromiids and 
in all dynomenids represent modified uropods. 
The transformation uropod-socket has necessari¬ 
ly required a substantial modification. 

Ventral lobes of homolodromiids (and some dro¬ 
miids) (see Table 3) obviously appear as rudi¬ 
ments of the appendages of pleomere 6, without 
a modification as important as in the case of dor¬ 
sal uropods. The lobes resemble rudimentary 
pleopods found on preceding pleomeres in all 
Homolodromia and most of the Dicranodromia 
species (Guinot 1995: 179, figs 5, 25), but they 
differ by their insertion and orientation. 
Uropodal lobes, either with two articles or weak¬ 
ly bifid, were observed in certain homolodromiid 
species {ibid.). An argument to support that these 
ventral lobes are vestiges of the sixth pair of 
appendages is shown by their configuration in 
the Dynomenidae. In dynomenids, which have 
large dorsal uropodal plates (visible ventrally and 
dorsally, and larger than in dromiids), vestigial 
pleopods are always present on segments 3-5 in 
males. One could expect that, similarly, pleo¬ 
mere 6 might bear a ventral pair of pleopods 6: in 
fact, this site is occupied by the triangular uro¬ 
pod, the ventral surface of which is not hollowed 
(Figs 6B-D, 7C, D). It is our considered opinion 
that the dromioid dorsal uropods are specialized 
structures. 

When, in the Brachyura, a socket was present on 
the sixth segment, no vestigial appendage has ever 
been observed on the third through fifth abdo¬ 
minal segments. 

Case of the Hymenosomatidae 
Within the Heterotremata, the Hymenosomati¬ 
dae are particularly interesting because in the 
most primitive members of the family, the soc¬ 
kets are situated on intercalary platelets. What is 
more interesting is that the platelets may be 
movable, for example in the genera Odiomaris Ng 
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et Richer de Forges, 1996, Amarinus Lucas, 1980, 
and Hymenosoma Desmarest, 1825, pro parte 
(Guinot & Richer de Forges 1997). 

Internal surface of the platelet is hollowed as a 
deep socket, externally bordered by a thickened 
calcified margin and separated from the pleotel- 
son by a membrane (Bouchard 1996). These 


structures are clearly visible for example in 
Odiomarispilosus (A. Milne Edwards, 1873) (bet¬ 
ter known as Elamena pilosa or Amarinus pilosus) 
(Fig. 27). In establishing Amarinus angelicas , 
Holthuis (1968: 115) described “a small movable 
segment attached to the base of the telson and the 
postero-lateral angle of the sixth somite” and 



Fig. 27 — Locking apparatus in Hymenosomatidae, for example in Odiomaris pilosus (A. Milne Edwards), 6 20 x 22.6 mm, New 
Caledonia (MNHN-B 26146): A, B. abdomen in dorsal and ventral views: C. dorsal view of pleotelson: D. side view of the mobile inter¬ 
calated platelet, with socket (C. D, scanning electron microscope photographs). Abbreviations: a5, abdominal segment 5: m, mem¬ 
branous zone; p. intercalated platelet; pt, pleotelson: so. socket. Scale bars: C, 200 pm; D. 100 pm. 
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remarked: “Such intercalated plates to my know¬ 
ledge have so far not been reported from any bra- 
chyuran other than Dromiidae. Whether these 
structures in the present species and in the next 
[= O. pilosus ] are homologous with those of the 
Dromiids, I am unable to say.’’ 

In fact, the Hymenosomatidae show several pat¬ 
terns: platelets movable; platelets simple and no 
longer articulated, with more or less distinct 
sutures (plesiomorphic condition); differentia¬ 
tions dorsally visible at the pleotelson base (for 
example the trilobate pleotelson in the genus 
Hymenicoides Kemp, 1917); prominences more 
or less marked. When the platelets disappear dor- 
sally, the sockets are situated at the same place, 
wihout a visible external indication (apomorphic 
condition). All these pieces, either platelets or 
sockets, play the same role in covering the acute 
buttons of the press-button apparatus and firmly 
attaching the abdomen. 

We will examine whether the morphological crite¬ 
ria provided here are sufficient for identifying uro- 
pods and sockets as homologues (Hennig 1966; 
Wiley 1981; Wagele 1996). The similarity of 
position (topographic and position in relation to 
other parts) is obvious. The socket is a more or less 
deep depression on abdominal somite 6, delimi¬ 
ted by a calcified margin; the most thickened part 
of this margin is always latero-posterior, allowing 
an efficient locking with the button. In 
Eubrachyura (Amarinus and Odiomaris excepted) 
the socket is integrated into pleomere 6 and pre¬ 
sents various forms: from rounded (Fig. 26B) to 
more or less elongated (Fig. 26D). In dorsal view, 
the movable hymenosomatid platelet significantly 
recalls a dorsal uropod, but its internal surface is 
hollowed as a deep socket. Thus, the hymenoso¬ 
matid platelet ventrally looks like (and functions 
as) a socket; dorsally, it looks like a dorsal plate. 

In researching the criterion of special similarity 
between uropods and sockets, one needs to inves¬ 
tigate similarities of structure, for example in his¬ 
tological detail, and ontogenetic resemblance. 
The criterion of phylogenetic position may rein¬ 
force homologues. Ventral lobes of homolodro- 
rniids might probably be considered as transitio¬ 
nal passage between the decapod uropods and the 
sockets. In dromiids the uropods are often used 
to retain the abdomen. Ventral lobes are present 


in some primitive dromiids and do not play any 
role. The movable and articulated dorsal uropods 
of certain dromiid forms are apparently more pri¬ 
mitive that the fused ones. The large and always 
completely dorsal plates in dynomenids, that are 
more advanced, appear as derived. We remark 
that in the brachyuran evolutionary scheme, 
where uropods are lost, sockets are uniformly 
developed in the same location, on abdominal 
somite 6. As already remarked, the trends toward 
loss of abdominal limbs are components of the 
carcinization process in the Decapoda. The 
novelty represented by the socket may be regar¬ 
ded as the character state presence of uropod, but 
we ignore the process of differentiation from the 
uropod into the socket. 

The Brachyura which possess lohe-shaped ventral 
uropods or plate-shaped dorsal uropods, are reco¬ 
gnized as being more primitive (dromiids, dyno¬ 
menids) than those having sockets at the same 
location (Homoloidea, Lyredinae, and Euhra- 
chyura). 

The criterion of position is provided by a strict 
and constant location of ventral lobes, dorsal 
plates, platelets, and sockets on pleomere 6. Even 
in the cases where the sockets appear atypically 
positioned, they belong to the same pleomere. 
For example, when sockets are found on the last 
element of abdomen (Hymenosomatidae Fig. 27, 
Inachoidinae Fig. 20C-F, and in a part of the 
Inachinae Fig. 20A, B), this is easily explained hy 
the fusion as pleotelson of segment 6 with telson. 
The criterion of continuance through interme¬ 
diate forms may be provided by presence of 
movable dorsal uropods in dromiids and movable 
platelets in hymenosomatids. Dromiid uropods, 
that are never used when applied on a surface but 
act in full-lock, lack ventral sockets, while the 
hymenosomatid platelets are ventrally hollowed 
and operate as a press-button. Absence of sockets 
in advanced Brachyura {pro parte Grapsidae, 
Gecarcinidae, Ocypodidae) is considered to be 
the result of a secondary loss. 

In conclusion the appendages of the sixth abdo¬ 
minal segment are practically always present in 
Decapoda, but with different patterns (biramous 
limb, rasp, lobe, plate, platelet, socket). Hence it 
is probably not accurate to define the Brachyura 
by the absence of uropods. 
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